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1.0  SUMMARY 


This  program  was  stimulated  by  the  interest  of  USAMERDC  in  the  potential  use  of 
plastics  as  a  containerized  cargo  container  material.  Specifically,  the  program 
was  sponsored  by  USAMERDC  to  investigate  the  feasibility  of  fabricating  8  by^8  by 
6-2/3  foot  dry  freight  containers  by  utilizing  the  rotational  molding  process  to 
encapsulate  a  metal  framework  with  plastic.  It  was  felt  that  the  successful  utiliza¬ 
tion  of  plastic  in  containers  of  this  type  would  significantly  reduce  their  total  life 
cycle  costs. 

It  was  recognized  at  the  outset  of  the  program  that  the  technology  required  to  suc¬ 
cessfully  fabricate  containers  by  the  concept  under  investigation  was  beyond  the 
industry  state-of-the-art.  Both  USAMERDC  and  Boeing  acknowledged  that  it  would 
be  necessary  to  generate  a  sign.ficant  amount  of  original  and  innovative  materials 
and  process  data  to  develop  the  concept  into  a  feasible  process.  With  this  in  mind 
the  program  was  organized  to  provide  for  the  generation  of  original  data  and  to 
establish  feasibility  on  a  subscaie  basis.  The  data  generated  during  the  subscale 
studies  would  then  be  used  to  establish  design  criteria  and  process  parameters  for  the 
full  size  container. 

The  specific  program  tasks  were  as  follows: 

o  Conduct  a  materials  survey  and  select  the  most  suitable  plastic  and  metal 
materials. 

o  Design  a  subscale  container  and  mold. 

o  Develop  a  manufacturing  process,  including  a  rotational  molding  cycle. 

o  Establish  concept  feasibility  by  molding  subscale  containers. 

o  Design  a  full-size  Tricon  container  to  meet  the  requirements  of 
MIL-C -52661  (ME)  and  des  ign  a  mold. 

o  Fabricate  framework  and  mold  six  full-size  containers  for  evaluation  by 
USAMERDC. 

o  Document  program  activities  in  a  comprehensive  final  report. 
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The  initial  activity  in  this  program  involved  an  in-depth  study  of  the  field  of 
containerized  shipment  of  cargo.  Available  literature  and  trade  journals  were 
helpful  in  providing  insight  into  some  of  the  problems  related  to  containerized 
shipment.  The  entire  shipment  cycle  was  studied,  including  terminal  facilities, 
equipment  and  relative  costs.  Designs  of  existing  dry  freight  containers  and 
handling  equipment  were  analyzed.  On-site  tours  of  the  Port  of  Seattle  were 
made,  and  meetings  with  the  authorities  at  this  facility  were  very  helpful  in 
improving  our  total  comprehension  of  this  complex  subject.  A  review  of 
Ml L-C -52661  (ME),  "Military  Specification,  Container,  Cargo,  "  was  conducted. 
Design  objectives  were  established  and  coordinated  with  USAMERDC. 

After  a  survey  of  plastic  and  metal  materials,  crosslinked  polyethylene  and  steel 
were  selected  for  the  subscale  phase  of  the  program.  A  subscale  container  and 
mold  were  designed,  using  steel  as  the  container  framework  and  mold  material. 

Four  steel  frameworks  were  encapsulated  with  crosslinked  polyethylene  by  the 
rotational  molding  process.  The  encapsulation  of  the  third  framework  was  witnessed 
by  the  Contracting  Officer's  Representative.  Shortly  thereafter,  cracks  were 
observed  in  the  plastic  portion  of  the  encapsulated  subscale  containers.  Closer 
investigation  led  to  the  conclusion  that  the  cracks  were  caused  by  tensile  stress 
and  were  related  to  the  nominal  shrinkage  of  the  crosslinked  polyethylene.  Nominal 
shrinkage  is  the  shrinkage  that  occurs  during  the  polymerization  of  a  plastic  material, 
and  is  usually  expressed  in  inches  per  inch.  As  a  aeneral  rule,  the  nominal  shrinkage 
increases  when  the  cooling  cycle  is  prolonged.  In  this  case,  it  was  thought  that  the 
cooling  cycle,  being  longer  than  anticipated,  caused  the  shrinkage  of  the  plastic 
to  be  greater  than  anticipated.  When  the  plastic  encapsulating  the  rigid  metal 
structure  shrunk  more  than  had  been  anticipated,  tensile  stress  cracks  developed  in 
the  plastic. 

It  was  apparent  that  additional  research  was  necessary  before  it  would  be  practical 
to  scale  up  to  a  full  size  TRICON  container.  The  contract  was  modified  by 
USAMERDC  to  add  a  redesign  of  the  subscale  container  and  mold,  as  well  as  a 
materials  study.  The  number  of  deliverable  full-size  TRICON  was  reduced  from  six 
to  three  to  offset  the  additional  work  and  to  avoid  increasing  the  contract  price. 
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The  subscale  container  framework  and  She  subscale  mold  were  redesigned  in 
aluminum  to  increase  thermal  conductivity  and  reduce  weight.  Two  subscale 
aluminum  frameworks  were  constructed  and  an  aluminum  rotational  mold  was 
fabricated.  Attempts  to  encapsulate  the  aluminum  framework  with  crosslinked 
polyethylene  by  rotational  molding  were  unsuccessful.  These  results  were  reported 
to  USAMERDC.  It  was  decided  to  continue  and  complete  the  design  of  the  full 
size  container  and  mold,  and  continue  to  work  the  problems  of  incomplete 
encapsulation  and  cracks  during  the  process  optimization  study. 

A  study  of  the  design  materials  interrelationship,  including  steel  versus  aluminum 
for  the  structural  members  and  an  analysis  of  different  design  configurations  for 
the  reinforcing  members  and  sidewall  panels  was  conducted.  Consideration  was 
given  to  numerous  rotational  molding  grade  plastic  materials  capable  of  being 
pigmented  olive  drab.  As  a  result,  aluminum  was  selected  for  the  container 
framework  and  the  mold.  Crosslinked  polyethylene  was  chosen  as  the  encap¬ 
sulating  plastic.  The  design  of  the  full  size  container  and  mold  was  finalized. 

A  prime  objective  of  the  Process  Optimization  Study  was  to  establish  the  process 
limitations.  This  included  studies  of  plastic  flow  characteristics  during  roto- 
molding,  establishing  optimum  molding  temperatures  for  various  plastics,  determining 
the  optimum  spacing  between  the  metal  framework  and  rhe  mold  wall,  and 
identifying  the  optimum  relationship  between  metal  web  width  and  opening  width 
on  the  sidewall  panels.  The  critical  thermal  rates  for  heating  and  cooling  were 
also  determined. 

An  attempt  was  made  to  encapsulate  an  additional  aluminum  subscale  framework, 
using  the  optimum  molding  tempera, ’ure  identified  in  the  process  optimization  study. 
The  rotational  molding  equipment  was  modified  to  increase  the  cooling  water 
capacity.  Despite  these  measures,  the  encapsulation  attempt  was  unsuccessful. 
Several  areas  of  the  framework  ware  not  covered  by  the  plastic  and  stress  cracks 
developed  immediately  after  molding. 
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Although  many  •'venues  and  approaches  were  explored,  three  problems  persisted 
throughout  the  program.  They  were  (1)  the  elimination  of  stress  cracks, 

(2)  achievement  of  thorough  encapsulation,  and  (3)  a  strong  plastic  to  metal  bond. 
The  data  generated  during  the  program  present  a  paradoxical  situation.  For 
example: 

1.  Test  data  generated  early  in  the  program  indicated  that  shrinkage  of  the 
plastic  could  be  significantly  reduced  by  shortening  the  cooling  time. 

However,  the  mass  of  metal  framework  and  plastic  could  not  be  cooled  at  a 
sufficient  rate  with  existing  equipment  to  reduce  the  shrinkage, 

2.  The  encapsulation  studies  demonstrated  that  the  maximum  metal  width  that 
could  be  encapsulated  was  1-1/2  inch.  In  order  to  meet  the  strength  require¬ 
ment  of  the  TRICON  container,  it  was  determined  that  the  corner  posts  must 
be  at  least  4  inches  wide. 

3.  The  addition  of  chopped  fiberglass  strands  to  the  plastic  material  was  shown 
to  reduce  the  nominal  shrinkage  of  the  material.  However,  when  fiberglass 
of  sufficient  quantity  to  reduce  shrinkage  was  added,  it  was  found  that  the 
plastic  would  not  flow  sufficiently  to  encapsulate  the  metal  insert. 

It  should  be  noted  that  this  program  did  produce  a  substantial  body  of  original  data 
related  to  the  rotational  molding  process  and  rotational  molding  grade  plastics. 

This  data  not  only  advances  the  state-of-the-art,  but  can  be  used  to  advantage  by 
the  plastics  industry  in  general.  Examples  of  the  type  of  original  information 
generated  under  this  program  are: 

1.  Comparative  evaluations  of  parting  agents  for  the  rotational  molding  process. 

2.  Molding  characteristics  of  rotational  molding  grade  plastics. 

3.  Studies  on  preparation  of  metal  surfaces  to  achieve  a  good  adhesive  bond 
with  rotational  molded  plastics. 

4.  Encapsulation  studies,  including  data  on  web-opening  relationships,  mold- 
insert  spacing,  and  molding  cycles  covering  a  variety  of  thermoplastic  material 
and  plastic-fiberglass  blends. 


5.  Techniques  for  rotational  molding  blends  of  plastics  and  chopped  fiberglass 
strands. 

6.  Shrinkage  versus  percent  of  fiberglass  curves  for  a  variety  of  rotational 
molding  grade  plastics. 

7.  Shrinkage  versus  cooling  rate. curves  for  a  variety  of  rotational  molding 
grade  plastics. 

As  a  result  of  the  work  conducted  under  this  program,  the  following  conclusions 

have  been  made: 

1.  With  existing  state-of-the-art  technology  and  rotational  molding  equipment, 
there  Is  a  low  probability  of  successfully  encapsulating  a  full  size  TRICON 
meeting  the  requirements  of  Ml L-C -52661  (ME).  While  it  has  been  shown  that 
it  is  possible  to  encapsulate  small  perforated  metal  panels,  it  has  been  amply 
demonstrated  that  the  technology  is  not  available  for  encapsulating  a 
structural  framework  in  combination  with  similar  panels. 

2.  Of  the  release  agents  evaluated,  the  Ram  GS-3  fluorocarbon  produced  the 
best  surface  finish  on  the  molded  part. 

3.  The  Cl-100  crosslinked  polyethylene  proved  to  be  the  most  easily  molded 
and  best  suited  to  the  encapsulation  of  metal  inserts. 

4.  The  nominal  shrinkage  of  a  rotational  molded  plastic  can  bo  reduced  by  the 
addition  of  chopped  fiberglass  strands. 

5.  The  nominal  shrinkage  of  a  rotational  molded  plastic  can  be  reduced  by 
increasing  the  cooling  rate  of  the  molding  cycle. 

6.  The  addition  of  chopped  fiberglass  strands  to  crosslinked  polyethylene  alters 
the  flow  characteristics  of  the  plastic  sufficiently  to  prevent  encapsulation 
of  a  metal  insert. 

7.  Aluminum,  sandblasted  and  solvent  cleaned,  produced  the  best  adhesive 
bond  with  all  three  plastics  tested. 


11 


8.  The  program  was  successful  in  developing  a  body  of  original  information  on 
the  rotational  melding  process  and  rotational  molding  grade  plastics.  This 
information  advances  the  state-of-the-art  and  benefits  the  plastics  industry 
as  a  whole. 

The  following  recommendations  are  mode. as  a  result  of  work  completed  under  this 

contract. 

1 .  That  no  further  attempt  be  made  to  uevelop  the  capability  of  rotational 
molding  a  plastic  TRICON  container  by  encapsulating  a  metal  framework. 

2.  That  alternative  approaches  to  the  development  of  plastic  TRICON  con¬ 
tainers  be  considered. 

3.  That  the  body  of  information  generated  during  this  program  be  published, 
thereby  advancing  the  plastics  industry  state-of-the-art. 

This  document  has  been  prepared  at  the  request  of  USAMERDC  io  report  in  detail 

all  work  accomplished  under  this  program  to  date. 
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INTRODUCTION 


BACKGROUND 

Containerization  is  the  term  applied  to  the  large  scale  unitization  of  cargoes 
by  means  of  reusable,  standardized  boxes.  The  beginning  of  the  era  of  con¬ 
tainerization  was  in  October  1957,  when  the  first  fully  containerized  ship  was 
put  into  regular  service.  Since  that  time,  containerization  has  had  a  significant 
impact  on  the  economics  of  cargo  transport.  Figure  1  shows  a  typical  8  by  8  by 
20  foot  dry  freight  container,  sometimes  referred  to  as  an  intermodal  container. 

The  main  advantage  of  containerization  is  that  a  high  degree  of  mechanization 
in  loading  and  unloading  of  ships  is  possible,  which  greatly  increases  efficiency 
and  speed  of  cargo  transfers.  This  point  assumes  even  greater  significance  when 
it  is  noted  that  lopding  and  unloading  represents  40-50%  of  the  total  cost  of 
shipping  a  cargo  from  its  point  of  origin  to  its  final  destination.  Because  con¬ 
tainerization  results  in  lower  cost  per  container  handled,  It  has  had  phenomenal 
growth . 

The  various  branches  of  the  U.  S.  Armed  Forces  have  been  quick  to  recognize 
the  potential  benefits  of  containerization  to  military  cperations.  The  use  of 
containerized  shipment  in  military  operations  rapidly  translates  into  (1)  shorter 
flow  time  of  critical  supplies  from  point  of  origin  into  combat  areas,  (2)  speody 
cargo  handling,  consequently  faster  turn-around  of  ships,  (3)  less  ships  required 
to  transport  the  same  volume  of  cargo,  (4)  decrease  of  supplies  required  to  be 
stored  overseas  (strategic  reserves)  and  (5)  greater  economy  in  transporting 
military  cargo. 

A  study  sponsored  by  the  U.  S.  Army  Mobility  Equipment  Research  and  Develop¬ 
ment  Center,  Fort  Belvoir,  Virginia,  was  a  milestone  in  placing  the  present 
state-of-the-art  of  containerization  in  its  proper  perspective.  The  final  report, 
entitled  "A  Critical  Analysis  of  the  State  of  the  Art  in  Containerization" 
indicates  that  maintenance  and  refurbishment  costs  on  containers  meet  or  exceed 
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FIGURE  1- 

typical  intermodal  container 


the  originai  purchase  price  of  the  containers.  This  has  led  to  an  interest  on  the 
part  of  the  U.  S,  Armed  Forces  in  developing  containers  with  lower  life  cy'Ie 
costs. 

Further  study  of  presently  utilized  containers  indicates  that  most  are  made  of  wood, 
steel  or  aluminum.  Containers  fabricated  with  these  materials  have  certain 
obvious  disadvantages,  such  as  susceptibility  to  rust,  corrosion,  electrolysis,  dry 
rot,  insect  attack,  and  impact  damage. 

The  use  of  plastics  as  container  materials  offers  an  outstanding  potential  to  reduce 
life  cycle  costs.  They  are  capable  of  performing  the  functions  of  containment  and 
protection  under  extreme  environmental  conditions  such  as  temperature  extremes, 
severe*  impact,  vibration  and  compression  loads,  exposure  to  acids  and  chemicals, 
and  I'V  and  IR  radiation.  These  characteristics  indicate  that  plastic  containers  offer 
an  increased  life  span  and  lower  maintenance  costs  than  containers  made  of  con¬ 
ventional  materials. 

Containerization,  when  applied  to  military  logistics  operations,  presents  some 
unique  problems  uncommon  to  commercial  cargo  transport  operations.  While  there 
is  nj  firm  policy  with  regard  to  military  container  requirements  the  following 
general  requirements  stand  out  as  being  important. 

A.  Rapid  loading  and  unloading.  The  ability  to  quickly  load  and/or  unload 
ships  during  military  operations  is  desirable, 

B.  Maximum  access  to  container  contents.  Upon  its  receipt  by  the  user,  the 
container  may  be  used  as  a  field  storage  bin.  Consequently,  the  more  readily 
accessible  the  contents,  the  more  suitable  a  container  is  for  military 
applications. 

C.  Interm odal.  A  military  container  must  be  truly  an  intermoda!  container.  In 
a  contingency,  containers  would  be  transported  within  the  heavy  airlift 
logistics  system  as  well  as  by  sea  and  land  transport  means.  Aircraft  such  as 
the  C-130,  C-141  and  C-5  would  be  utilized.  Containers  must  be  compatible 
with  the  463L  aircraft  handling  system  currently  in  use.  In  considering  air 
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shipment,  the  tare  weight  of  the  container  becomes  an  important  consiaera- 
tion.  In  forward  areas,  where  large  handling  facilities  are  not  available, 
containers  must  be  capable  of  being  transported  by  helicopter  and  available 
ground  vehicles. 

D.  Break-bulk  requirements.  The  military  logistics  systems  have  provisions  for 
receiving  area/break  bulk  points  where  goods  are  separated  and  routed  to 
field  users.  These  points  are  normally  located  near  major  terminals.  Suppliers 
going  to  the  field  may  be  transported  by  truck  or,  in  difficult  terrain,  by 
helicopter. 

To  meet  these  special  military  requirements,  the  U.  S.  Army  has  developed  the 
TRICON  concept,  whereby  the  standard  8  x  8  x  20  foot  container  is  divided  into 
3  units  8  x  8  x  6-2/3  feet  in  size  (see  Figure  2).  The  unit  has  full  access  double 
doors  with  standard  commercial  locks  and  hinges.  These  containers  can  be  coupled 
together  in  groups  oi  three  to  form  a  standard  20-toot  container.  The  frame  of  the 
container  has  sufficient  strength  to  withstand  the  loads  imposed  when  TRICON's  are 
coupled  in  groups  of  three  and  handled  as  a  20  foot  unit.  Corner  fittings  at  each 
of  the  eight  corners  of  the  container  provide  easily  accessible  external  handling 
and  tie-down  locations. 

As  a  manufacture  of  commercial  and  military  aircraft,  Boeing  has  been  closely 
associated  with  the  development  of  intermodal  containers  and  has  worked  closely 
with  road,  rail,  sea  and  air  operators  on  a  number  of  national  and  international 
carrier  committees.  Recognizing  the  potential  advantages  of  plastic  intermodal 
containers,  The  Boeing  Company  assigned  its  engineers  the  task  of  developing  a 
plastic  intermoaal  container  concept  applicable  to  the  U.  S.  Army  TRICON  program, 
as  well  as  the  commercial  containerized  shipment  industry. 

THE  BOEING  TRICON  CONCEPT 

The  TRICON  container  concept  developed  by  Boeing  involves  the  use  of  the  rotationa 
molding  process.  The  rotational  molding  process  is  simple  in  principle.  A  pre¬ 
determined  amount  of  plastic  materia!,  in  the  form  of  a  finely  ground  powder  or 
liquid,  is  placed  inside  a  mold  which  is  then  completely  sealed.  The  amount  of 
plastic  material  in  the  mold  determines  the  wall  thickness  of  the  part.  The  mold 
is  placed  in  an  oven  and  heate<-  ic  a  temperature  sufficient  to  cause  the  plastic 
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FIGURE  2 


TRICON  CONTAINER  CONCEPT 


to  fuse  to  the  sides  of  the  mold.  The  mold  is  rotated  simultaneously  on  two  axes 
while  it  is  in  the  oven.  The  plastic  material  tumbles  inside  the  mold  and  forms 
a  uniform  coating  on  the  inside  of  the  mold.  The  mold  is  then  cooled,  opened, 
and  the  part  is  removed.  (See  Figures.) 

I 

The  Boeing  Tricon  concept  consisted  of  utilizing  the  rotational  molding  process 
to  completely  encapsulate  a  metal  structural  framework.  This  involved  fab¬ 
ricating  a  simple  metal  framework,  adding  expanded  metal  or  wire  mesh, 

positioning  it  inside  the  mold  along  with  a  charge  of  plastic,  and  rotational 

% 

molding  the  container.  (See  Figure  4.)  By  this  means  the  framework  becomes 
an  integral  part  of  the  container.  It  was  planned  that  provisions  could  be  made 
for  integrally  molding  inserts  which  would  later  serve  as  attachment  points  for 
handles,  couplings,  hinges,  and  other  required  hardware. 

It  was  felt  that  a  container  of  this  type  would  offer  the  following  advantages 
over  existing  containers: 

1 .  Low  maintenance  requirements. 

2.  Seamless,  therefore  watertight. 

3.  Strength  and  durability. 

4.  Resistance  to  corrosion  and/or  other  effects  of  chemicals  and 
weathering. 

5.  Elimination  of  the  need  for  decorative  or  protective  painting  through 
pigmentation  of  the  plastic. 

This  concept  was  presented  to  the  Materials  Handling  Equipment  Branch, 

U.  S.  Army  Mobility  Equipment  Research  and  Development  Center,  Fort  Beivoir 
Virginia,  in  Technical  Proposal  D6-22235,  entitled  "Plastic  Sealand-Air 
Containers,  Tricon  Concept,"  In  this  document  it  was  proposed  that  a  research 
and  development  program  be  conducted  for  the  purpose  of  determining  the 
feasibility  of  this  concept  and  fabricating  both  test  and  prototype  hardware, 
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2.2 


PROGRAM  OBJECTIVE 


Contract  DAAK02-71  -C-0201,  "Rotational  Molded  Plastic  TRICON  Containers" 
was  awarded  to  The  Boeing  Company.  The  main  objective  was  to  establish  the 
feasibility  of  making  dry  freight  containers  by  the-  proposed  method.  This 
objective  was  to  be  accomplished  by  making  both  subscale  and  full-size  containers. 

Specific  tasks  required  to  meet  the  program  objective  were  as  follows: 

1.  Establish  container  strength  requirements. 

2.  Select  optimum  rotational  molding  grade  plastic. 

3.  Select  metal  framework  material. 

4.  Design  a  subscale(4'  x  4'  x  3')  TRICON  container. 

5.  Design  and  fabricate  mold  for  subscale  container. 

6.  Demonstrate  process  feasibility  by  rotational  molding  subscale  containers. 

7.  Conduct  an  engineering  review  of  the  subscale  container. 

8.  Design  rill  size  TRICON  container. 

9  Design  and  fabricate  full  size  mold. 

10  Mold  iix  (6)  full  size  TRICON  containers, 

11  Submit  full  size  containers  to  USAMERDC  forevaluation. 

12.  Prepare  final  technical  report  and  other  appropriate  documentation. 

The  program  was  to  be  conducted  in  four  phases  over  a  period  of  twenty-four 
(24)  months. 
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3.0 


INVESTIGATION 


3.1  PRELIMINARY  INVESTIGATION 

3.1.1  Problem  Understanding 

The  first  task  undertaken  in  this  program  was  the  development  of  a  body  of 
information  related  to  containerization  that  would  provide  a  basis  for  the 
materials  selection  and  design  effort  to  take  place  later  in  the  program.  It 
was  the  expressed  desire  of  the  Contracting  Officer's  Representative  that  we 
have  a  thorough  understanding  of  containerization  in  general,  as  well  as  an 
insight  into  some  of  the  less  obvious,  but  important,  problems  faced  by  the 
container  industry. 

Initially,  a  review  of  trade  journals  and  available  documents  on  containeriza¬ 
tion  was  conducted  by  the  engineers  assigned  to  the  program.  Attachment  B 
to  the  contract,  entitled  "A  Critical  Analysis  of  the  State  of  the  Art  in  Con¬ 
tainerization"  proved  to  be  the  most  comprehensive  and  complete  body  of 
information  available  on  the  subject  of  containerization.  This  document  was 
referred  to  frequently  during  the  course  of  the  program. 

The  personnel  assigned  to  the  contract  also  made  visits  to  the  Port  of  Seattle 
for  first-hand  observation  of  container  cargo  handling  methods  and  equipment 
used  in  loading  and  unloading  of  cargo  ships.  Discussions  with  Port  of  Seattle 
management  were  very  helpful  in  identifying  problem  areas.  Damage  to 
various  containers  was  observed,  and  photographs  were  taken  to  record  the 
extent  of  damage,  cause  of  damage,  and  container  material  and  construction. 

The  contract  and  Attachment  I  to  the  contract  "Mll-C-52661  (ME),  Military 
Specification,  Container,  Cargo,  "  were  thoroughly  reviewed.  Although  the 
specification  covered  a  20  foot  container  arid  did  not  specifically  apply  to  the 
TRICON  container,  design  load  requirements  were  calculated  (see  Figure  5) . 
These  roquirements  were  reviewed  and  approved  by  the  Contracting  Officer's 
Representative,  They  thereby  became  design  objectives  for  the  rotational 
molded  TRICON  container. 
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TYPE  LOAD 


Stocking 

S 


_ UNIT  AND  LOAD _ , _ 

Load  test  77-1/2  Inch  unltto  26,879  pounds  grow  weight.  Apply  100,800  pounds 
vortical  load  (S)  to  each  top  corner  fitting  In  turn.  Load  S  *  100,800  pounds 


Lifting 
From  Top 

T 


Couple  three  77-1/2  Inch  units  together.  Load  to  total  gross  weight  of 
69,600  pounds.  Lift  by  the  4  top  corner  fittings  using  hooks  In  end  holes  or 
side  holes.  Load  T  *  22,400  pounds 


Lifting 

From 

Bottom 


Horizontal 

Restraint 


Floor  Load 


L 


Couple  three  77-1/2  Inch  units  together.  Load  to  total  gross  weight  of 
89,600  pounds.  Attach  sling  to  side  holes  In  bottom  cornor  fitting  with  line 
of  action  at  30°  to  the  horizontal,  and  lift.  Load  L  *  22,400/sine 
30  *  44, 800  pounds.  Vertical  component  *  22,400  pounds,  horizontal 
component  3  39,000  pounds. 


Couple  three  77-1/2  Inch  units  together.  Load  to  total  gross  weight  of 
4<,T  '-0  pounds.  Apply  a  compression  load  B  ,  and  then  a  tension  load  to  each 
lower  side  rail  In  turn.  Load  B  =(1.25)  (gross  weight)  ®  56,000  pounds. 


(1)  Load  floor  to  a  uniformly  distributed  load  of  30,000  pounds  (2)  Load 
floor  to  a  concentrated  load  of  6000  pounds  over  an  area  3  x  7-1/3  Inches. 


Roof  Load 


Wall  Side 
Lead 


Rocking 


Load  roof  to  660  pounds  uniformly  distributed  over  12  x  24  Inch  area. 


(1)  Apply  a  uniformly  distributed  load  of  5460  pounds  to  either  the  R.H.  or 
L.  H.  end  wall,  (2)  Apply  a  uniformly  distributed  load  of  8100  pounds  to  the 
W  door  side  and  the  blind  side  In  turn. 


Restrain  container  through  bottom  corner  fittings.  Apply  a  compression  and  a 
R  tension  load  latorally  and  longitudinally.  In  turn,  of  35,000  pounds  to  each  top 
corner  fitting  In  turn. 


FIGURE  5 

TRICON  CONTAINER  DESIGN  LOAD  REQUIREMENTS 
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3.1.2  Plastic  Materials  Evaluation 

The  first  step  in  the  evaluation  of  plastic  materials  for  the  TRICON  container  was 
to  determine  which  materials  were  produced  in  rotational  molding  grades.  This 
exercise  narrowed  the  field  to  8  candidate  materials;  linear  polyethylene,  cross- 
linked  polyethylene,  Nylon  11,  Icnomer,  polycarbonate,  polysulfone,  acetal, 
and  polyvinyl  chloride.  Technical  data  sheets  were  obtained  from  materials 
suppliers  and  the  comparative  property  charts  shown  in  Figures  4  and  7  were  made. 

The  next  step  was  to  establish  criteria  for  the  selection  of  the  optimum  plastic 
material.  The  following  criteria  were  selected  as  being  most  important  for  the 
successful  molding  and  subsequent  in-service  performance  of  a  plastic  TRICON 
container. 

1.  Good  flow  characteristics  -  The  degree  of  success  achieved  in  encapsula¬ 
tion  of  the  reinforcing  structure  is  directly  related  to  the  flow  characteristics 
of  the  plastic.  The  better  the  flow  characteristics  of  the  plastic,  the  better 
the  chances  of  successfully  encapsulating  the  reinforcing  structure. 

2.  Resistance  to  the  effects  of  chemicals,  radiation  and  fire  -  One  of  the 
primary  reasons  for  the  interest  in  plastic  containers  is  the  potential  for 
reduced  maintenance  and  refurbishment  costs  because  of  improved  resistance 
to  deterioration  from  the  effects  of  chemicals,  solvents,  weathering 
(including  UV  and  IR  radiation)  insects,  and  corrosion.  The  material 
selected  must  provide  these  qualities. 

3.  Good  Impact  Strength  -  The  plastic  TRICON  container  will  be  required  to 
perform  the  functions  of  containment  and  protection  under  extreme  environ¬ 
mental  conditions.  Containers  of  this  type  are  subjected  to  severe  impact 
loads.  The  plastic  material  selected  must  be  able  to  withstand  impact  loads 
when  at  service  temperatures  ranging  from  -40°F  to  +140°F. 

4.  Cost  -  It  was  decided  that,  in  the  event  that  all  other  characteristics  were 
equal,  the  cost  of  the  plastic  material  would  be  the  basis  for  final  selection. 


MATERIAL 

IMPACT 

STRENGTH 

FT  LB/IN  NOTCH 

TENSILE 

STRENGTH 

PSI 

HEAT 

DEFORMATION 
@  264  PSI 

SPECIFIC 

GRAVITY 

High  Den*Ity  Polyethylene 

10 

3,000 

120°F 

0.95 

Croiillnkov  Polyethylene 

16 

2,500 

160°F 

1.10 

Nylon  II 

1.8 

8,000 

130°F 

1.05 

lonomer 

20 

1,500 

90°F 

.94 

Polycarbonate 

16 

9,000 

265°F 

1.21 

|  Polyiulfone 

16 

10,200 

345°F 

1.24 

1  Acetal 

2.0 

9,000 

230°F 

1.41 

PVC 

12 

8,500 

.  . .  - 

234°F 

1.49 

FIGURE  6 

TYPICAL  PHYSICAL  PROPERTIES  OF  ROTATIONAL 
MOLDING  GRADE  PLASTICS 
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MATERIAL 

RESISTANCE 
TO  ACIDS 

RESISTANCE 
TO  ALKALIES 

RESISTANCE  TO 
ULTRA-VIOLET 

RESISTANCE  TO 
INFRA-RED 

RESISTANCE 

TO  FIRE 

Polyethylene 

Excellent 

Excellent 

Poor  -  requires 
addltlvus 

Good  below 
160°F 

Slow  burning 

Cross  linked 
Polyethylene 

Excellent 

Excellent 

Good  -  with 
additives 

Good  below 
200°F 

Self- 

oxtlngulshlng 

lonomer 

Excellent 

Excellent 

Poor 

Good  below 
140°F 

Slow  burning 

Nylon  !! 

Attacked 

Excellent 

Good 

Good  below 
180°F 

Se  If- 

extinguishing 

Polycarbonafs 

Attacked 

Attacked 

Surface  effect 
only 

Good  below 
250°F 

Solf- 

extlngullhlng 

Polysulfono 

Excellent 

Excellent 

Fair 

Good  below 
325°F 

Solf- 

oxtlngutshlng 

Acetal 

Attacked 

Excellent 

Good 

Good 

Slow  burning 

PVC 

Excellent 

Excellent 

Excellent 

Good  below 
160°F 

Self- 

extinguishing 

FIGURE  7 


RESISTANCE  OF  VARIOUS  THERMOPLASTICS  TO  THE  EFFECTS 
OF  CHEMICALS,  RADIATION,  AND  FIRE 


3.1 .2.1  Comparison  of  Flow  Characteristics 

The  flow  characferisfics  of  the  eight  candidate  materials  were  then  compared. 

To  accomplish  this,  a  point  rating  system  was  used.  Point  values  were  assigned 
as  follows:  EXCELLENT  -  5,  VERY  GOOD  =  4,  GOOD  =  3,  FAIR  =  2, 
and  POOR  =1.  it  was  decided  that  any  material  with  a  flow  characteristic 
rating  of  less  than  3  would  be  eliminated  from  further  consideration. 

Samples  of  the  candidate  materials  were  obtained,  and  small  parts  were  molded. 
When  extremely  poor  quality  parts  were  obtained  with  PVC,  it  was  learned  from 
the  manufacturer  that  the  rotational  molding  grade  PVC  was  still  in  an  experi¬ 
mental  status  and  had  not  been  approved  for  production.  PVC  was  eliminated 
from  future  consideration  at  this  point.  Parts  were  molded  on  the  Mc-Neil  Akron 
Model  ^500  rotocast  equipment  located  in  the  Manufacturing  Research  and 
Development  laboratory  (Figure  8)  with  the  other  candidate  plastic  materials  and 
ratings  were  assigned  to  each.  The  result*  are  shown  in  Figure  9.  Polycarbonate 
and  polysulfone  were  eliminated  at  this  point. 

3. 1.2. 2  Comparison  of  the  Resistance  of  Candidate  Materials  to  the  Effects  of  Chemicals, 
Radiation,  and  Fire 

Using  the  data  shown  In  Figure  6,  the  5  remaining  candidate  materials  were  again 
rated  for  their  degree  of  resistance  to  the  effects  of  Chemicals,  Radiation,  and 
Fire.  Points  were  assigned  as  follows: 

o  Resistance  to  Acids  Excellent  =  1,  Attacked  0 

o  Resistance  to  Alkalies  Excellent  =  1,  Attacked  0 

o  Resistance  to  UV  Good  or  Better  =  1,  Other  =  0 

o  Resistance  to  1R  Good  or  Better  =  1,  Other  =  0 
o  Resistance  to  Fire  SelfPExtinguishing  1  =  Slow  Burning  =0 

The  results  of  this  comparison  are  shown  in  Figure  10.  Crosslinked  polyethylene 

was  the  only  candidate  material  to  achieve  a  point  rating  of  5  by  satisfying  all 
the  established  physical  and  chemical  criteria.  Nylon  11  met  all  the  requirements 
except  resistance  to  acids,  and  was  assigned  a  point  rating  of  4. 
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McNEIL-AKRON 
LOCATED  IN  MA 
DEVELOPMENT  / 


FIGURE  8 


ll  *500  ROTOCAST  EQUIPMENT 
CTURING  RESEARCH  AND 
'J  LABORATORY 


MATERIAL 


FLOW  CHARACTERISTIC  RATING 


i 


t 


3 
5 
5 

4 
1 
1 

5 
1 

EXCELLENT  =  5 

VERY  GOOD  *  4 

GOOD  =  3 

i'-Ail\  2 

POOR  =  1 


High  Density  Polyethylene 

Crosslinked  Polyethylene 

Nylon  1 1 

lonomer 

Polycarbonate 

Polysulfone 

Acetal 

PVC 


FIGURE  9 

COMPARISON  OF  FLOW  CHARACTERISTICS  OF 
ROTATIONAL  MOLDING  GRADE  PLASTICS 
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MATERIAL 

RESISTANCE 
TO  ACIDS 

RESISTANCE 
TO  ALKALIES 

RESISTANCE  TO 
ULTRA-VIOLET 

RESISTANCE  TO 
INFRA-RED 

RESISTANCE 
TO  FIRE 

TOTAL 

POINTS 

Polyethylene 

1 

1 

0 

1 

0 

3 

Crosslinked 

1 

1 

1 

1 

1 

5 

Polyethylene 

loncmer 

1 

1 

0 

1 

0 

3 

Nylon  II 

0 

1 

1 

1 

1 

4 

Acetal 

0 

1 

1 

1 

0 

3 

I 

► 


FIGURE  10 


RATING  CT  CANDIDATE  MATERIALS  -  RESISTANCE  TO  THE 
EFFECTS  OF  CHEMICALS,  RADIATION,  AND  FIRE 


3. 1.2. 3  Comparison  of  Impact  Strength  of  Candidate  Materials 

In  using  impact  strength  as  a  criteria  for  ranking  the  candidate  materials;  the 


results  were 

as  follows: 

IMPACT  STRENGTH 

RANKING 

MATERIAL 

FT  LB/INCH  NOTCH 

1 

lonomer 

20.0 

2 

Crosslinked  Polyethylene 

16.0 

3 

High  Density  Polyethylene 

10.0 

4 

Acetal 

2.0 

5 

Nylon  1 1 

1.8 

3,1. 2.4  Cost  Comparison 

The  cost  per  pound  of  production  quantities  of  each  of  the  candidate  materials 
was  obtained.  These  costs  were  as  follows: 


MATERIAL 

COST/LB 

1. 

High  Density  Polyethylene 

$  .20 

2. 

Crosslinked  Polyethylene 

$  .38 

3. 

lonomer 

$  .90 

4. 

Acetal 

$1.25 

5. 

Nylon  11 

$3.00 

3  i  2.5  Final  Plastic  Material  Selection 

As  a  result  of  the  preceding  studies,  crosslinked  polyethylene  was  selected  as  the 
plastic  material  for  the  subscale  studies.  This  selection  was  based  on  the  fol¬ 
lowing  rationale: 

1.  Crosslinked  polyethylene  was  the  only  candidate  material  that  satisfied 
the  flow  characteristics  requirement  and  met  all  of  the  established  criteria 
for  resistance  to  the  effects  of  chemicals,  radiation,  and  fire. 

2.  Crosslinked  polyethylene  exhibited  outstanding  capability  to  withstand 
severe  impact. 

3.  The  cost  per  pound  of  crosslinked  polyethylene  was  substantially  lower  than 

the  other  candidate  materials,  with  the  exception  of  high  density  polyethylene. 
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It  was  learned  through  conversations  with  the  manufacturers  laboratory  personnel 
that  the  Ultra  Violet  resistance  of  high  density  polyethylene  could  be  increased 
from  poor  to  good  with  the  addition  of  pignents.  This  information  made  high 
density  polyethylene  the  second  choice  of  the  candidate  materials  on  the  strength 
of  1)  acceptable  flow  characteristics,  2)  meeting  all  chemical  and  radiation 
criteria,  3)  its  acceptable  impact  strength,  and  4)  the  fact  that  It  was  the  lowest 
>  cost  per  pound  of  .11  of  the  candidate  plastic  materials.  It  was  decided  that, 

should  pioblems  occur  in  the  stuaies  with  crosslinked  polyethylene,  high  density 
polyethylene  would  be  used  as  an  alternative  material. 

)  Parts  were  molded  using  various  release  agents  to  determine  which  release  agents 

produced  the  best  surface  finish  on  the  molded  part.  The  results  of  these  tests 
are  shown  in  Figure  11 .  Based  on  these  results,  the  decision  was  made  to  use 
Ram  GS-3  for  all  future  rotomolding  with  the  olive  drab  crosslinked  polyethylene. 

i 

3.1  3  Selection  of  Structural  Material 

First,  a  survey  was  made  of  materials  most  commonly  used  in  the  fabrication  of 
*  intermodal  containers.  Figure  12  shows  a  tabulated  comparison  of  the  relevant 

material  properties  of  the  three  final  candidate  materials  that  were  considered 
the  subscale  framework.  At  the  400-500°F  contemplated  molding  temperature 
j  .ange,  the  strength  of  Al  6061 -T6  drops  off  to  only  50%  of  its  initial  value. 

With  ’he*  exception  of  the  Al  2219  alloy,  all  commonly  used  aluminum  con" 
strut  tion  Jlo/s  show  the  same  drastic  strength  leduction  after  prolonged  exposure 
to  the  rotomolaing  temperatures  involved,  which  approximate  the  annealing 
r  .  .per  ifures  of  those  alloys.  Since  weight  considerations  and  thermal  conduc¬ 
tivity  characteristics  were  not  of  prime  concern  during  the  initial  phase  of 
•lie  devr  lopment  program,  common  type  A-36  (ASTM)  construction  steel  was 
selected  over  Type  2219  aluminum  as  the  structural  material  for  the  first  subscale 
coiitciiroi .  Additional  prevailing  factors  which  led  to  the  selection  of  steel 
.-.ere  substantial  differences  in  material  purchase  costs  as  well  as  the  ready 
availability  of  steel  stock  material  and  steel  corner  fittings. 
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RELEASE  AGENT 

1 - 

|  i  :  YPE 

EFFECT  ON  MOLDED  PART 

Mil  lei -Stevens  136 

1 

'  1 

Fluorocarbon 

1  ’ 

Numerous  pinholes  on  part  surface 

Cow-Corning  R— 67 1 

'  | 

Silicone  Resin 

1 

Excessive  warpage  and  poor  ro  loose  from 
mold 

Rom  GS-3 

i 

1 

!  Fluorocarbon 

1 

Good,  uniform  surface 

fio<'otoi33 

j  Polymeric 

Excessive  dimpling  of  port  surface 

. 

‘  -  ■ 

I 

FIGURE  ’ll 

EFFECT  OF  VARIOUS  RELEASE  AGENTS  ON  ROTATIONAL 
1  MOLDED  CROSSLINKED  POLYETHYLENE 
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AL  6061  — T 6 

AL  2219-T87 

STEEL,  A  36 
(AST  M) 

DENSITY  LB/IN3 

.098 

.102 

00 

CN 

THERMAL  CONDUCTIVITY 

BT  U/FT  / 1 N/H  R/°F 

1070 

1070 

241 

THERMAL  EXPANSION 

IN/IN  A 

.0000131 

,0000124 

.00000633 

ULTIMATE  TENSILE 

75°  F 

45,000 

68,000 

'  •  y 

60,000 

STRENGTH  -  PSI 

500°F  * 

34,000 

62,000 

70,000 

YIELD  STRENGTH 

75°F 

40,000 

56,000 

36,000 

PSI 

500PF  * 

20,000 

39,000 

36,000 

ELONGATION 

IN  2  IN.,  MIN,,  % 

75°F 

17% 

12% 

30% 

500°  F 

18% 

21% 

MODULUS  OF 
ELASTICITY 

PSI  x  106 

75°F 

9.9 

10.5 

29 

500°F 

7.9 

8.5 

*  AT  ROOM  TEMPERATURE  AFTER  10  HOURS  AT  ELEVATED  TEMPERATURE 


FIGURE  12 

PHYSICAL  AND  MECHANICAL  PROPERTIES  OF 
METALS  CONSIDERED  FOR  CONTAINER  STRUCTURE 
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SUBSCALE  CONTAINER  DESIGN  AND  MOLD  DESIGN 


3.-2 . 1  Subscale  Container  Design 
A.  Design  Objective* 

Design  and  fabrication  of  a  subscale  container  was  considered  to  be  of 

essential  value  during  the  preliminary  investigation  phase  of  the  program. 

Its  purpose  was  to  obtain  engineering  data  to  support  subsequent  full  size 

TRICON  design,  with  the  following  objectives  in  mind; 

1 .  Design  and  test  a  structural  framework  which  meets  the  design  load 
requirements  of  the  full  size  TRICON  container  (see  Figure  4)  • 

2.  Design  a  structural  framework  which  is  cost  effective  to  manu¬ 
facture.  it  was  acknowledged  that  potentially  large  numbors  of 
containers  would  be  required  to  be  fabricated  follow!  ng  demonstra¬ 
tion  of  concopt  feasibility. 

3.  Select  a  structural  material  that  remains  stable  and  shows  no  critical 
loss  of  physical  and  mechanical  properties  when  exposed  to  molding 
process,  temperatures.  It  was  contemplated  that  the  container 
structure  would  be  exposed  to  temperatures  in  the  range  of  400-500°F. 

4.  Design  a  framework  that  is  compatible  with  and  can  be  used  to 

index  to  a  container  mold.  Index  locations  should  hold  the  framew^  . 
in  a  fixed  position  with  relation  to  the  mold  throughout  the  rotational 
encapsulation  ^ 'cle. 

5.  Provide  test  hardware  suitable  to  establish  feasibility  of  plastic 
encapsulation  of  the  structural  framework  by  rotational  molding 
and  further  development  qf  an  optimum  molding  cycle. 

6.  Restrict  weight  and  geometry  of  subscale  container  to  facilitate 
rotorrolding  on  the  Boeing  production  McNeil-Akron  Model  1700 
machine,  shown  in  Figure  13. 


35 


FIGURE  13 


MCNEIL-AKRON  MODEL  1700  ROTATIONAL  MOLDING 
EQUIPMENT  LOCATED  AT  AUBURN,  WASHINGTON, FACILITY 


Container  Configuration 

Following  the  material  selection/  a  series  of  trade  studies  was  conducted 
to  determine  the  optimum  configurations  for  the  basic  structural  elements 
of  the  framework.  For  the  purpose  of  the  trade  study  the  structure  was 
subdivided  into  the  following  basic  components: 

1.  Corner  posts  and  rails, 

2.  Door  sills  and  headers. 

3.  Sidewall  panels. 

For  each  component,  various  different  configurations  were  evaluated  on 
the  basis  of  material  cost,  cost  to  fabricate  to  desired  shape  (including 
cutting,  forming  and  welding)  and  total  cost  per  linear  foot  or  square  foot 
for  panel  designs.  For  purposes  of  quick  relative  cost  comparison,  one 
configuration  of  each  component  group  was  arbitrarily  selected  as  the 
reference  baseline  shape.  Next,  the  material  cost,  idbor  cost,  and 
total  cost  of  the  baseline  configuration  were  assigned  a  cost  merit  index 
of  1 .0.  All  other  configurations  were  now  rated  with  respect  to  the  base¬ 
line  shape;  index  numbers  lower  than  one  (1)  represent  the  ratio  of  cost 
improvement  over  the  baseline  configuration,  and  vice  versa.  The 
tabulated  results  of  the  various  trade  studies  based  on  equivalent  strength 
and/or  weight  values,  and  a  quantity  production  basis  of  1000-3000  units 
are  shown  in  Appendix  A. 

As  a  result  of  the  trade  study,  the  most  cost  effective  configurations  were 
selected  for  the  steel  subscale.  Dii»t<strd«s!gn  of  the  subscale  container  is 
found  in  Appendix  B,  Tool  Drawing  R677059P02,  Sheets  1  through  3. 

Because  of  the  still  experimental  nature  of  the  subscale  container,  doors 
and  hinge  fittings  were  eliminated  from  the  design.  Also,  as  shown  in 
Figure  14,  only  part  of  the  container  frame  was  designed  with  full  scale 
frame  members  to  reduce  total  weight  of  the  structure  and  to  prevent 
overloading  of  the  Model  1700  rotomolding  machine. 


3.2.2 


Subsea !j  Mold  Design  and  Fabrication 

The  subscale  container  mold  was  designed  in  steel  plate  to  insure  that  the 
coefficients  of  linear  thermal  expansion  of  the  mold  and  the  subscale  container 
framework  were  identical.  Although  the  use  of  an  aluminum  mold  would  have 
decreased  the  weight  of  the  mold  and  improved  the  thermal  conductivity,  it 
was  recognized  that  the  difference  in  thermal  expansion  would  cause  differential 
movement  during  the  oven  cycle.  This  could  result  in  a  considerable  deviation 
from  desired  uniformity  in  the  spacing  between  the  inndr  mold  wall  and  the  subscale 
framework. 

The  mold  was  designed  using  i/4  inch  thick  steel  plate  and  steel  angle.  The 
base  of  the  mold  contained  brackets  for  attaching  the  mold  to  the  A/cNeil- 
Akron  Model  1700  Rotocast  equipment.  Figure  15  shows  the  mofd  design  concept. 

1 Tgure  16  is  a  section  through  the  mold. 

3,2:3  ft/tanufacturing  Process  Development 

A,  Process  and  Assembly  Sequence 

For  case  of  fabrication,  it  was  decided  that  frame  and  panel  components 

were  to  be  subassembled  before  final  assembly  of  the  sidewall  panels  into 

the  container  frame.  The  same  fabrication  sequence  established  for  the 

full  size  TRICON  assembly  was  also  used  for  the  subscale  container  fabrication  for 

trial  and  evaluation  purposes.  The  proposed  production  techniques  proved 

to  be  practical  during  fabrication  of  the  subscale  container  and  no  particular 

material  handling  problems  nor  processing  difficulties  were  experienced. 

The  proposed  fabrication  sequence  for  the  fuil  size  TRICON,  shown 
chronologically  in  Figures  *7  through  22,  is  as  follows; 

Figure  17  -  Assemble  right  and  left  hand  end  frames 
Figure  18  -  Assemble  wall  and  roof  panels 
Figure  19  -  Assemble  container  frame 
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FIGURE  16 

-SECTION  THROUGH  STEEL  SUBSCALE  MOLD 
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FULL  SIZE  TRICON  FABRICATION  SEQUENCE  STEP  I 
ASSEMBLE  RIGHT  AND  LEFT  HAND  END  FRAMES 
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FULL  SIZC  TRICON  FABRICATION  SEQUENCE 
STEP  2  -  ASSEMBLE  WALL  AND  ROOF  PANELS 


DOOR  LATCH  FITTINGS 


FI ILL  SIZE  TRICON  FABRICATION  SEQUENCE 
STEP  3  -  ASSEMBLE  CONTAINER  FRAME 


Figure  20  -  Rivet  panels  to  frame 

Figure  21  -  Rotomold  container,  Install  floor 

Figure  22  -  Assemble  and  attach  doors 

B.  MoldlngCycle  Development 

With  the  selection  of  crosslinked  polyethylene  as  the  plastic  material  for 
the  TRICON  container,  a  test  program  was  initiated  to  determine  the 
rotomolding  process  parameters  of  this  material.  It  was  decided  to  use 
pigmented  crosslinked  polyethylene  to  eliminate  the  necessity  of  painting 
the  container.  Since  there  was  a  possibility  that  the  addition  of  pigment 
to  crosslinked  polyethylene  could  significantly  affect  its  molding 
characteristics,  special  arrangements  were  made  with  the  manufacturer, 
Phillips  Petroleum,  Bart lettsvi lie,  Oklahoma,  to  compound  a  special  batch  of 
CL-100  crosslinked  polyethylene  ptynenfed  olive  drab,  color  ^X-24087. 

When  the  fabrication  of  the  steel  subscale  mold  was  completed,  the  mold 
and  framework  were  mounted  on  the  McNeil-Akron  Model  1700  Rotocast 
equipment  in  the  Auburn  Production  Plastics  Shop.  A  thermocouple  study 
was  conducted  to  determine  the  time  required  to  bring  the  framework  up 
to  the  melting  temperature  of  crosslinked  polyethylene  .  The  results  are 
shown  in  Figure  23. 

Additional  tests  were  conducted  to  establish  the  time  required  to  build  up 
a  sufficient  thickness  of  crosslli.kod  polyethylene  to  encapsulate  the  steel 
framework.  It  was  calculated  that  the  thickness  of  the  plastic  should  be 
.25  inch.  Tests  Indicated  that  70  minutes  at  a  temperature  of  450°F 
would  produce  the  desired  wall  thickness. 


45 


RIVET  ‘A ALL  PANELS  TO  FRAME 


I 
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FIGURE  20 

FULL  SIZE  TRICON  FABRICATION  SEQUENCE 
STEP  4  -  R.'VET  WALL  PANELS  TO  FRAME 


ROTOVOLD  CONTAINER 
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FULL  SIZE  TRICON  FABRICATION  SEQUENCE 

STEP  5  -  ROTOMOLD  CONTAINER  AND  INSTALL  FLOOR 


FULL  SIZE  TRICON  FABRICATION  SEQUENCE 
STEP  6  -  ASSEMBLE  AND  ATTACH  DOORS 


3.2.4  Molding  of  Subsea le  Containers 


A.  Molding  Sequence 

Two  subscale  containers  were  rotational  molded  in  the  following  manner: 

1.  The  steel  framework  was  positioned  inside  the  steel-mold  (see 
Figures  24  and  25,..  The  corner  fittings  served  to  index  the  frame¬ 
work  and  secure  It  during  the  molding  cycle.  The  framework  side 
panels  were  positioned  approximately  1/4  inch  inside  the  mold  wall. 

2.  A  charge  of  olive  drab  crosslinked  polyethylene  was  placed  inside 
the  mold  (see  Figure  26). 

3.  The  assembly  was  then  placed  insido  the  oven  and  heated  for  50 
minutes  until  it  reached  a  temperature  of  350°F  +  10°F.(se9 
Figure  27).. 

4.  fhe  temperature  was  then  raised  to  450°F  +  10°F  and  the  entire 
assembly  rotated  for  70  minutes.  The  rotation  settings  were  1 1  rpm 
on  the  minor  axis,  and  7-1/2  rpm  on  the  major  axis. 

5.  The  entire  assembly  was  placed  In  the  cooling  chamber  of  the  roto- 
cast  equipment  and  quenched  with  cold  water  for  20  minutes. 

B.  Inspection  Results 

The  two  rotomolded  containers  (see  Figure  28)  were  closely  inspected. 

The  following  observations  and  analyses  were  made: 

1.  The  first  subscale  container  exhibited  poor  bond  between  the  steel 
and  the  crosslinked  polyethylene  in  localized  areas.  It  was  felt 
that  the  prolonged  heating  cycle  caused  oxidation  of  the  steel, 
resulting  in  a  poor  bonding  surface  for  the  crosslinked  polyethylene. 
During  molding  of  the  second  subscale  container,  nitrogen  was 
introduced  into  the  mold  cavity.  No  visible  improvements  In  the 
metal-to-plastic  bond  was  noted. 

2.  The  sidewall  panel  consisting  of  expanded  steel  and  the  panel  con¬ 
sisting  of  punched  steel  plate  encapsulated  satisfactorily. 
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TWO  SUBSCALE  CONTAINERS  (STEEL  FRAMEWORK) 
ENCAPSULATED  IN  CROSSLINKED  POLYETHYLENE 


3.  The  sidewall  panels  consisting  of  expanded  steel  and  welded  tie 
rods  did  not  encapsulate.  The  poor  results  were  attributed  to  the 
j  distance  between  the  expanded  metal  and  the  tie  rods  being  too 

great  to  allow  the  formation  of  a  homogeneous  plastic  skin. 

The  third  subscale  container  was  molded  using  the  same  proces*Jng;cyc le 

*  utilized  in  $he  molding  of  the  second  subscale  container.  The  results 

were  similar  to  the  results  of  the  initial  subscale  container  molding,  except 
that  the  metal-to-plastic  bond  was  slightly  improved. 

i 

A  fourth  and  final  subscale  container  was  molded.  The  framework  was 
sandblasted  prior  to  molding.  The  sidewall  panels  consisted  of  various 
patterns  of  expanded  metal  and  punched  plate.  The  panels  utilizing  tie 
^  rods  were  eliminated  from  the  fourth  subscale  framework  design.  The 

molding  cycle  employed  on  the  three  previous  subscale  containers  was 
utilizing  in  molding  the  fourth  subscale  container.  The  fourth  subscale 
^  container  exhibited  a  uniform  coating  on  all  of  the  sidewall  panels.  The 

metal-to-plastic  bond  appeared  superior  to  the  first  three  subscale 
containers. 

*  3  2„5  engineering  Analysis 

The  purpose  of  the  Engineering  analysis  was  to  conduct  a  thorough  review  of  the 
program  results  to  date  and  make  decisions  influencing  future  activity  on  the 
>  program,  particularly  with  respect  to  materials,  design,  and  process  parnmsteis. 

Panels  were  cut  from  the  subscale  containers  and  tested.  The  test  results  are 
summarized  in  Figure  29. 

t 

After  an  analysis  of  the  results  of  molding  the  four  subscale  container,  the 
following  conclusions  were  reached? 
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TEST 

TEST  RESULT 

Flammability 

Self-extinguishing  (burn  rate 
of  leu  than  one  Inch  per  minute) 

Weatherometer 

No  effect 

Skydrol  Immersion 
(130°F  for  24  hours) 

No  deleterious  effects 

Tensile  Strength 

1500  psl 

1  Flexural  Modulus 

100,000  psl 

) 

FIGURE  29 

TESTS  CONDUCTED  ON  SECTIONS  CUT  FROM  ROTO- 
MOLDED  SUfeSCALE  CONTAINER  SIDEWALL  PANELS 
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1 .  Sidewall  panel  design  would  be  either  punched  plate  or  expanded 
metal, 

2.  An  attempt  would  be  made  during  design  of  the  full  size  TRICON 
container  to  eliminate  some  of  the  mass  from  the  corner  posts  and 
spread  it  more  unlfonnly  throughout  the  framework.  It  was  felt 
that  this  would  eliminate  a  potential  heat  sink  that  might  create 
cool  down  problems  during  rotomoldtng  of  the  full  size  TRICON. 

REDESIGN  OF  SUBSCALE  CONTAINER  AND  MOLD 

Approximately  two  months  after  molding  the  subscale  containers,  it  was  observed 
that  stress  cracks  were  beginning  to  appear  in  the  encapsulating  plastic.  Close 
visual  inspection  revealed  that,  upon  aging,  the  plastic  had  developed  cracks  up 
to  1-1/4  inches  in  length  and  1/16  Inch  in  depth  on  both  the  inner  and  outer 
surfaces  of  the  subscale  container  walls.  When  the  subscale  containers  were 
initially  molded,  no  signs  of  stress  cracks  were  visible.  Furthermore,  the  con¬ 
tainers  were  subjected  to  severe  impact  at  the  time  they  were  molded  with  no 
sign  of  failure. 

In  order  to  determine  the  exact  nature  of  the  cracks  and  develop  clues  as  to 
their  cause,  a  series  of  microphotographs  were  taken  (see  Figure  30).-  These 
photographs  showed  that  the  cracks  were  randomly  distributed  and  were  not 
aligned  with  any  single  axis.  However,  close  examination  of  the  microphoto¬ 
graphs  led  to  the  conclusion  that  the  cracks  were  caused  by  tensile  stress  in  the 
plastic  material  related  to  the  nominal  shrinkage  of  the  crosslinkod  polyethylene. 

It  is  a  recognized  fact  in  molding  of  thermoplastics  that  cooling  rates  have  an 
affect  on  nominal  shrinkage  of  the  thermoplastic  materia  I  being  molded.  In 
general,  the  slower  the  cooling  rate,  the  greater  the  shrinkage.  When  the  sub- 


1600X  SURFACE  CRACK  ABOUT 
1/2  INCH  LONG  AND 
0,001  INCH  WIDE 


6X  SURFACE  CRACKS  WHITE  SPOTS 
ARE  PIGMENTED  POLYETHELYENE 


FIGURE  30 

SURFACE  CRACKS  IN  CROSSUNKED  POLYETHYLENE 
SUBSCALE  CONTAINER  SIDEWALL 
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scale  container*  were  molded,  the  relatively  large  mass  of  metal  In  the  frame¬ 
work  behaved  a*  a  heat  sink  during  the  molding  cycle.  While  a  cooling  period 
of  5-7  minutes  had  been  anticipated,  the  actual  cool  down  time  was  20  minutes. 

It  was  thought  that  this  slow  cool  down  rate  fncreased  the  shrinkage  of  the  plastic 
and  contributed  to  the  stress  crack*  by  increasing  the  nominal  shrinkage  beyond 
what  had  been  anticipated. 

A  contracr  amendment  was  issued  by  USAMERDC  to  provide  for: 

1 .  Addition  of  redesign  of  subscale  container  and  mold. 

2.  Molding  of  an  additional  subscale  container. 

3.  Expansion  of  process  optimization  phase  to  solve  stress  cracking  problems. 

4.  Reduction  df  contract  terms  from  the  fabrication  of  six  full  size  TRICON 

l 

containers  to  three  containers. 

Boeing  proposed  to  resolve  the  problem  by  reducing  the  shrinkage  of  the  plastic 
with  (a)  the  addition  of  glass  fibers  and/or  (b)  reducing  the  cooling  time.  To 
this  end,  the  following  specific  tasks  were  undertaken: 

1  „  A  redesign  of  the  subtcale  container  to  (a)  reduce  the  mass  of  the  metal 
framework  and  (b)  change  from  steel  to  aluminum  for  better  heat  con¬ 
ductivity. 

2.  The  initiation  of  a  x>:-ies  of  tests  to  determine  the  feasibility  of  modifying 
the  plastic  with  glass  fibers  to  decrease  the  nominal  shrinkage. 

3.  Molding  tests  to  determine  the  optimum  percentage  of  glass  fibers  to  reduce 
shrinkage  while  still  encapsulating  the  metal  reinforcement. 

.  A  test  progrcm  to  determine  the  minimum  allowable  cooling  rate. 

5.  Rotational  molding  of  at  least  one  additional  subscale  container.  1 

The  results  of  these  tests  led  to  the  decision  that  the  molding  of  the  subscale 
container  would  be  carried  out  using  the  following  process  parameters: 
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Bringing  the  mold  and  metal  reinforcement  to  350°F,  a  temperature  just 
under  the  molding  temperature  of  the  cross! Inked  polyethylene. 

2.  Rotating  the  assembly  at  450°F  for  70  minutes,  using  a  rotation  of  7-1/2  rpm 
on  the  major  axis  and  1 1  rpm  on  the  minor  axis. 

3.  A  water. cooling  cycle  of  20  minutes  duration. 

» 

Using  the  cycle  described  above,  a  subscale  container  without  the  metal 
reinforcement  was  successfully  molded.  Sections  were  cut  from  the  molded 
j  -  '  shell,  apd  it  was  determined  that  the  wall  thickness  through  the  part  was 

.25  inch  +  .015  inch. 

*  '  l  I 

'3,3.  1  Materials  Study 

I  |  1  ' 

A  materials  study  wa?  initiated  to  determine  the  effect  of  certain  process  variables 
on  the  nominal  shrinkage  of  various  thermoplastic  materials.  The  following  tests 
,  were  conducted:  ( 

'  I 

i 

o  Determination  of  the  effect  of  fiberglass  filler  on  nominal  shrinkage  of 
various  thermoplastics.  ’ 

o  Determination  of  the  effect  of  cooling  rate  on  the  nominal  shrinkage  of 
various  thermoplastics. 

o  Determination  of  the  effect  of  fiberglass  filler  on  the  molding  character¬ 
istics  of  rotomolded  crosslinkable  polyethylene  and  linear  polyethylene, 
i 

A.  Effect  of  Fiberglass  Filler  on  Shrinkage 

The  determination  of  the  effect  of  the  addition  of  various  percentages  of 

chopped  fiberglass  on  the  nominal  shrinkage  of  the  rotational  molding  grade 

I 

powder  was  accomplished  by  the  actual  molding  of  parts  in  a  mold 
approximately  12  by  12  by  10  inch  inside  dimension.  The  wall  thick¬ 
ness  of  the  molded  parts  was  approximately  .25  inch. 

* 
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Before  shrinkage  versus  percent  fiberglass  information  could  be  generated, 
it  was  necessary  to  evaluate  various  fiberglass  materials  and  develop 
techniques  for  rotational  molding  parts  with  plastic-fiberglass  blends. 
Consultations  with  various  materials  suppliers  revealed  that  this  capability 
did  not  exist  in  the  rotational  molding  industry.  Further,  there  was  no 
generated  data  that  could  be  used  as  a  starting  point  for  our  efforts. 

It  was  decided  to  evaluate  blends  of  crosslinked  polyethylene  and  the  fol¬ 
lowing  materials;  milled  glass  fibers,  1/8"  chopped  fiberglass  strands,  and 
1/16  inch  chopped  fiberglass  strands.  The  fiberglass  was  blended  with 
the  crosslinked  polyethylene  by  placing  the  desired  proportions  of  each 
component  in  a  drum  and  rotating  the  drum  on  a  drum  roller.  It  was 
found  that  the  most  uniform  dispersion  of  the  fiberglass  was  achieved  when 
the  drum  was  filled  to  only  about  1/3  of  its  volume  capacity. 

Molding  attempts  were  first  made  with  a  blend  of  crosslinked  polyethylene 
and  milled  glass  fibers.  It  was  found  that  the  milled  glass  fibers  balled 
together  during  the  rotational  molding  cycle,  creating  lumps  of  Incompletely 
wetted  milled  glass  fibers  on  the  inside  wall  of  the  part.  Molding  attempts 
with  a  blend  of  crosslinked (polyethylene  and  1/16  inch  chopped  fiberglass 
strands  produced  similar  results. 

Success  was  achieved  when  parts  were  molded  with  a  blend  of  crosslinked 
polyethylene  and  1/8  inch  chopped  fiberglass  strands.  The  outer  surface 
of  the  part  exhibited  a  good  surface  finish  which  was  an  accurate  image  of 
the  mold  surface.  The  1/8  inch  chopped  fiberg!a»:  strands  were  thoroughly 
wetted  and  were  dispersed  uniformly  throughout  the  part. 

Based  on  this  experience,  the  shrinkage  versuf  percent  fiberglass  test  data 
was  generated  using  a  blend  of  1/8  inch  chopped  fiberglass  Strand  and 
Cl-100  crosslinked  polyethylene. 
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The  tests  were  conducted  in  the  following  manner: 

1 .  Lines  were  scribed  exactly  ten  inches  apart  on  the  two  12  by  12 
inch  walls. 

2..  Release  agent  was  applied  to  the  mold. 

3.  The  fiberglass  filler  (1/8-inch  fiberglass  strands)  and  plastic 
powder  were  carefully  weighed  In  the  proper  proportions  and 
blended  together  by  tumbling  on  a  drum  roller. 

4.  A  charge  of  the  blend,  sufficient  to  produce  a  part  with  a  .25  inch 
wall,  was  placed  inside  the  mold. 

5.  The  part  was  rotational  molded  using  the  cycle  recommended  by 
the  material  manufacturer,  and  cooled  to  150°F  in  5  minifies. 

6.  The  part  was  removed  from  the  mold,  allowed  to  stand  at  room 
temperature  for  24  hours,  and  the  distance  between  the  scribe 
iir,*<s  on  the  part  measured. 

The  nominal  shrinkage  was  calculated  using  the  following  formula: 

Nominal  Shrinkage  =  -■?*-  ^ ■ 

(Inches/Inch) 

where  d  =  distance  between  the  scribe  lines  on  the  part. 

These  tests  were  conducted  with  both  crosslinked  polyethylene  and  linear 
polyethylene.  The  results  (Figure  31)  show  that  the  addition  of  fiberglass 
filler  significantly  reduces  the  nominal  shrinkage  of  the  rotomolded  plastic. 


Effect  of  Cooling  Rate  on  Shrinkage 

A  series  of  tests  was  conducted  to  establish  the  relationship  between 
cooling  rate  and  nominal  shrinkage.  Data  was  generated  on  crosslinked 
polyethylene  with  and  without  fibet glass  filler  and  on  linear  polyethylene 
with  and  without  fiberglass  filler. 
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V  Linear  Polyethylene 
#  Cross-linkable  Polyethylene 


J _ I _ I -J _ 1 _ J _ L_l _ i _ L 

12  3456  7  89  10 

PERCLN7  FIBERGLASS 


'Cooled  from  70t T  F  to  150*  F  in  5  Minutes 


FIGURE  31 

EFFECT  OF  FIBERGLASS  FILLER  ON  SHRINKAGE  OF 
VARIOUS  ROTOMOLDED  THERMOPLASTICS' 
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The  tests  were  conducted  as  follows,  u:Jng  the  same  mold  to  conduct  the 
shrinkage  -  percentage  filler  tests: 

1 .  The  charge  of  plastic  was  placed  inside  the  mold. 

2-  The  part  was  molded  using  the  time  and  temperature*  recommended 
by  the  material  supplier. 

3.  The  time  required  to  cool  the  part  to  150°F  was  varied  from 
2  minutes  to  20  minutes. 

4.  The  part  was  removed  from  the  mold  and  allowed  to  stand  for 
24  hours  at  room  temperature. 

5.  The  distance  between  the  scribe  marks  on  the  part  wes  measured. 

6.  Nominal  shrinkage  was  calculated  in  the  same  manner  used  in  the 
proceeding  tests. 

The  test  results  showed  that  a  decrease  in  cooling  time  results  In  a  reduction 
of  the  shrinkage  of  the  rotomoided  plastic  (Figure  32),  The  data  also 
indicates  that  the  cooling  time  must  be  less  than  four  minutes  before  the 
reduction  of  shrinkage  is  significant. 

It  would  obviously  be  Impossible  to  cool  the  mass  of  metal  In  the  full  size 
TRICON  framework  to  150°F  within  4  minutes  with  conventional  rotational 
molding  equipment.  It  was  concluded  at  this  point  that  future  efforts  to 
reduce  shrinkage  would  be  directed  toward  the  addttion  of  fiberglass  filler, 
since  that  approach  appeared  to  offer  the  greatest  likelihood  of  success. 

C.  Effect  of  Fiberglass  Filler  on  Molding  Characteristics 

These  telts  were  conducted  for  the  purpose  of  determining  the  feasibility 
of  encapsulating  the  metal  framework  of  tho  TRICON  container  with 
blends  of  thermoplastic  and  1/8-Inch  chopped  fiberglass  strands.  Studtes 
were  made  with  both  a  simulated  sidewall  panel  and  simulated  corner  post. 
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A  secondary  objective  of  these  teits  was  to  determine  the  maximum  per¬ 
centage  of  fiberglass  filler  that  could  be  added  to  the  thermoplastic  and 
still  permit  complete  encapsulation  of  the  metal  framework. 

1 .  Test  ^1  t-  Simulated  Sidewall  Encapsulation 

An  8  by  8  Inch  piece  of  3/4-inch,  ^12  expanded  aluminum  was 
positioned  .13  inch  away  from  the  flat  inside  wall  of  a  rotational 
mold.  The  mold  was  charged  with  plastic  and  various  plastic- 
chopped  fiberglass  blends.  The  parts  were  rotomolded  and  removed 
from  the  mold  upon  cooling.  The  top  of  the  hollow  cube  thus 
formed  was  removed  and  the  samples  were  visually  Inspected  for 
degree  of  encapsulation  and  overall  quality  and  appearance.  The 
test,  results  are  shown  in  Figure  33. 

2.  Test  ^2  -  Simulated  Corner  Post  Encapsulation 

An  aluminum  angle,  four  inches  in  width,  was  positioned,.  13  inch 
away  from  the  corner  of  the  mold.  Parts  We»  „iade  with 
crosslinked  polyethylene,  linear  polyethylene,  and  various  blends 
of  these  materials  and  1/8-inch  chopped  fiberglass  strands.  The 
parts  were  rotational  molded  and  removed  from  the  mold  upon 
cooling.  The  top  of  the  molded  hollow  cube  was  cut  off,  and  the 
part  was  inspected  for  degree  of  encapsulation,  overall  quality,  and 
appearance.  The  test  results  are  shown  in  Figure  34* 

The  results  of  these  tests  proved  that,  with  present  technology,  it 
was  not  possible  to  encapsulate  the  TRICON  framework  with  cross- 
linked  polyethylene  blended  with  a  sufficient  amount  of  chopped 
fiberglass  strands  to  reduce  the  nominal  shrinkage  of  the  plastic. 

The  results  of  the  materials  study  were  reported  to  USAMERDC. 

The  following  course  of  action  was  decided  upon: 
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MATERIAL 

PERCENT  1/8  INCH 
CHOPPED  FIBERGLASS 
STRANDS,  BY  WEIGHT 

RESULT 

Cross  linked  Polyethylene 

0 

Good  encapsulation  (some  small 
pinholes) 

Crossl Inked  Polyethylene 

2 

Incomplete  encapsulation 

Crosslinked  Polyethylone 

5 

Poor  encapsulation  and  poor  wetting 
of  glass  fibers 

Llnoor  Polyethylene 

0 

Good  encapsulation  (some  small 
pinholes) 

Linear  Polyefhylene 

2 

Incomplete  encapsulation 

Linear  Polyethylene 

5 

Poor  encapsulation  and  poor  wetting 
of  glass  fibers 

FIGURE  33* 

ENCAPSULATION  OF  SIMULATED  SIDEWALL  PANEL  WITH 
VARIOUS  THERMOPLASTIC-CHOPPED  FIBERGLASS  BLENDS 
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MATERIAL 

PERCENT  1/8  INCH 
CHOPPED  FIBERGLASS 
STRANDS,  BY  WEIGHT 

RESULT 

Crossllnked  Polyethylene 

0 

Fair  encapsulation  (some  bridging) 

Cross  linked  Polyethylene 

2 

Poor  encapsulation 

Crossllnked  Polyethylene 

5 

Very  poor  encapsulation  and  poor 
wetting  of  glass  fibers 

Linear  Polyethylene 

0 

Fair  encapsulation  with  some  bridging 

Linear  Polyethylene 

2 

Poor  encapsulation 

Linear  Polyethylene 

5 

Poor  encapsulation  and  poor  wetting 
of  glass  flbors 

FIGURE  34 

ENCAPSULATION  OF  SIMULATED  CORNER  POST  WITH  VARIOUS 
THERMOPLASTIC-CHOPPED  FIBERGLASS  BLENDS 
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a.  Confirms  full  size  TRICON  container  design, 

%  b.  Continue  full  size  mold  design, 

?  c.  Conduct  a  process  optimization  study  to  overcome  the 

stress  cracking  problem, 

3,3.2  Redesign  of  Subscale  Container 

Because  of  unsatisfactory  test  results  with  the  steel  rotomolded  substructure, 
described  in  the  previous  section,  a  decision  was  made  to  design  and  build  an 
all-aluminum  subscale  frame  for  further  process  feasibility  evaluation.  It  had 
f  been  established  that  in  order  to  successfully  encapsulate  the  metal  structure, 

rapid  heatup  and  cool  down  rates  during  the  molding  cycle  were  mandatory  to 
prevent  development  of  stress  cracks  in  the  plastic  matrix.  The  selection  of 
aluminum  rather  than  steel  for  the  structural  material  was,  therefore,  expected 
to  improve  the  encapsulation  process  based  on  its  inherent  mass  reduction  as 
well  as  the  substantial  increase  in  thermal  conductivity.  Further  benefits  of  a 
change  to  aluminum  were  (1)  an  obvious  total  container  weight  reduction  and 
I  (2)  an  improved  adherence  of  the  plastic  to  the  base  metal.  As  pointed  out  in 

Section  3.2  of  this  report,  the  high  molding  temperatures  of  the  plastic  limit 
the  selection  of  aluminum  alloy  to  A I.  2219-T87-  provided  efficient  structural 
design  is  to  be  maintained.  Most  all  other  aluminum  alloys  undergo  too  drastic 
*  a  strength  reduction  after  exposure  to  the  molding  heat  cycle.  See  Figure  12  for 

typical  material  property  comparisons.  It  was  learned  from  material  suppliers 
that  2219  aluminum  alloy  was  not  stocked  locally  and  required  a  long  delivery 
I  time  on  small  orders.  Therefore,  it  was  decided  to  fabricate  the  first  prototype 

aluminum  subscale  container  from  readily  available  Al  6061  in  order  to  maintain 
contract  schedule.  This  selection  was  Justified  because  the  purpose  Bf  the  first 
test  container  was  to  establish  feasibility  of  the  rotomolding  process,  rather  than 
'  structural  integrity. 

During  this  phase  of  the  program  tests  were  conducted  with  aluminum  perforated 
plates  to  determine  the  contribution  of  the  plastic  matrix  to  rigidity  and  strength 
of  the  encapsulated  metal  panel  design. 
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The  aluminum  plate  was  sandblasted  cleaned  with  MEK  and  encapsulated  with 
a  layer  approximately  1/8  Inch  thick  of  CL-iOO  crosslinked  polyethylene  by 
rotational  molding.  Bending  tests  of  samples  were  conducted  on  a  Tinius  Olsen 
machine.  The  test  data,  as  abstracted  from  graphic  stress-strain  curves, 
indicated  that  the  addition  of  the  plastic  material  increased  the  yield  strength 
of  the  metal-plastic  combination  In  the  order  of  12,000  psi.  Figure  35  shows 
a  tabulation  of  test  sample  geometric  data  and  test  conditions. 

In  order  to  determine  an  optimum  container  panel  design,  several  experimental 
I  panel  configurations  were  designed  and  built.  The  metal  diaphragms  (sidewall 

panels)  needed  to  have  enough  structural  strength  in  combination  with  adequate 
allowance  for  through-flow  of  the  plastic  powder  during  the  molding  operation. 
Particular  interest  was  focused  on  size  and  shape  of  perforations  in  the  metal  and 
1  how  the  plastic  would  flow  through  openings.  Figure 

shows  four  experimental,  panels  that  were  selected  for  the  above  described 
evaluation.  Appendix  D  shows  all  design  details  of  the  panels  and  how  they 
j  were  attached  to  the  substructure.  Sections  3.3.4  and  3.3.5  describe  the  test 

results  obtained  from  molding  the  aluminum  subscale  container  and  thv.  resulting 
engineering  analyses. 

^  3,3.3  Redesign  of  Subscale  Mold 

In  order  to  rotomold  plastic  around  an  aluminum  container  frame,  an  all  aluminum 
mold  was  required  to  avoid  differential  expansion  at  elevated  temperatures.  A 
>  mold  was  designed  consisting  of  six  separate  panels.  The  edges  of  these  panels 

were  bolted  together  around  the  structure  of  the  container  frame,  allowing  for 
a  gap  between  the  container  wall  and  the  mold  to  obtain  the  desired  thickness 
of  plastic  encapsulation.  One  of  the  panels  featured  a  small  door  through 
which  the  mold  could  be  charged  with  plastic  powder.  The  inside  surfaces  of  the 
mold  panels  were  sculptured  to  suit  the  outside  surfaces  of  the  container. 
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TEST  PLATE  GEOMETRY 
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1/4"  THICK  ALUMINUM  TEST  PLATE  ENCAPSULATED 
WITH  1/8"  THICK  LAYER  OF  CL-100  PLASTIC 


TEST  CONDITION 


P  (APPLIED  LOAD) 


TEST  RESULT 

P  — 950  US. -.WITHOUT  PLASTIC  ENCAPSULATION 

yield  * 

— f-  1150  LBS.  WITH  PLASTIC  ENCAPSULATION 

FIGURE  35 

ENCAPSULATED  TEST  PLATE  BENDING  TEST 
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I  1 

To  support  and  restrain  the  aluminum  mold  during  the  rotomolding  cycle,  a 

framework  of  steel  tubing  was  designed  and  built.  See  Figures  37  and  38  for 

an  exploded  view  and  an  assembled  view  of  the  subscale  mold  plus  its  .substructure; 

f 

The  steel  frame  also  provided  the  means  of  attachment  of  the  fully  assembled  , 
mold  to  the  rotomolding  machine.  The  aluminum  mold  was  held  in  place  inside 
the  steel  frame  by  leaf  spring  type  deflecting  fittings.  These  fittings  were  to 
accommodate  the  differential  expansion  between  the  aluminum  mold  and  the  s'teel 
frame  during  the  heat  cycle. 

I  Trie  steel  frame  was  designed  to  support  the  mold  up  to  internal  pressures  of 

5  psi  and  resist  mold  deformation  caused  by  such  pressures. 

Drawings  specified  a  large  number  of  lightening  holes  in  the  steel  frame  and 
*  for  some  recessed  areas  on  outer  surfaces  of  mold  plates  at  an  optional  weight 

reduction  measure  for  the  mold.  These  options  were  not  used  because  an 
adequate  rotomolding  machine  capacity  was  established  to  handle  the  full  load, 

> 

Design  details  for  the  aluminum  subscale  container  mold,  are  shown  in  the 
engineering  drawings  in  Appendix  D. 

..3  t  Molding  of  Additioral  Subscale  Containers 

Upon  completion  of  the  redesign  of  the  subscale  framework  and  mold  in  aluminum, 
"'e  molding  a  subscale  TRICON  container  without  the  metal  reinforcement  in 
'he  aluminum  subscale  mold,  and  the  molding  of  a  subscale  container  with  an 
aluminum  framework  in  the  aluminum  mold  were  undertaken. 
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The  procesilng  information  generated  to  date  was  thoroughly  reviewed,  and 
the  following  molding  cycle  was  used  to  mold  a  crosslinked  polyethylene  shell 
without  the  aluminum  framework: 

o  Heatup  -  45  minutes 

o  Molding  at  450°F  -  50  minutes 
o  Water  Quench  -  30  minutes 

o  Rotation  -  10  rpm  on  major  axis 
20  rpm  on  minor  axis 

The  molded  part  was  closely  inspected  after  it  had  cooled  down  and  had  been 
removed  from  the  mold.  The  following  observations  were  made: 

o  The  surface  finish  was  an  accurate  mirror  image  of  the  mold,  having 
reither  pinholes  or  other  defects. 

o  The  wall  thickness  was  a  uniform  .50  inch  +  .050  inch. 

o  Shrinkage  was  measured  to  be  0.034  inch  per  inch,  which  was  approxi¬ 
mately  10%  higher  than  the  .25  inch  thick  specimens  molded  in  the 
materials  study.  This  was  considered  reasonable  in  view  of  the  .50  inch 
wall  thickness  of  the  shell. 

Further,  it  was  noted  after  24,  48,  and  96  hours  that  stress  cracks  did  not  develop. 

The  subscale  container  with  the  aluminum  framework  was  molded  using  the  cycle 
described  above,  using  four  hundred  pounds  of  olive  drab  crosslinked  poly¬ 
ethylene  as  the  plastic  charge. 

An  inspection  of  the  molded  container  yielded  the  following  information: 

o  The  sidewall  panel  design  shown  in  Figure  39  was  best  from  the  stand¬ 
point  of  thorough  encapsulation.  Further,  the  crosslinked  polyethylene 
encapsulating  this  panel  did  not  develop  stress  cracks  upon  aging. 
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o  None  of  the  other  sidewall  panel*  were  completely  encapsulated.  In 

addition,  stress  cracks  developed  in  these  pone  Is  within  a  matter  of  hours. 

o  Complete  encapsulation  of  the  corner  posts  was  not  achieved. 

3.3.5  Engineering  Analysis 

At  this  point,  a  thorough  review  of  all  data  generated  during  the  program  was 
conducted.  The  following  observations  and  conclusions  were  made: 

1 .  By  redesigning  the  subscale  container  and  mold  in  aluminum,  the  time 
required  to  bring  the  molding  assembly  from  ambient  temperature  to  molding 
temperature  was  reduced  from  50  minutes  to  45  minutes,  and  the  molding 
time  from  70  minutes  to  50  minutes.  It  was  therefore  apparent  that  the 
effects  of  thermal  degradation  of  the  plastic  would  be  less  significant  if 

a  full  size  aluminum  framework  arid  mold  were  used. 

2.  The  sidewall  panel  shown  in  Figure  39  was  best  from  the  standpoint  of 
complete  encapsulation.  Further,  it  was  the  oniy  sidewall  pane!  con¬ 
figuration  that  did  not  subsequently  develop  cracks. 

3.  The  width  of  the  corner  post  was  too  great  to  allow  the  plastic  material  to 
flow  around  and  encapsulate  the  metal  structure. 

It  was  decided  to  design  the  full  size  TRICON  container  framework  In  aluminum, 
using  the  sidewall  panel  configuration  shown  in  Figure  39.  The  width  of  the 
corner  posts  would  be  reduced  as  much  asthe  strength  requirements  of  the  con¬ 
tainer  would  allow.  The  full  size  rotational  mold  would  be  doslgned  in  the 
same  aluminum  alloy  as  the  container  framework  to  insure  compatibility  In  thermal 
expansion.  The  mold  wall  thickness  and  overall  mass  of  the  mold  would  be  minimized 
as  much  as  possible  to  provide  for  maximum  heatup  aid  cool  down  rates. 

It  was  further  decided  to  conduct  the  process  optimization  study  concurrent  with 
the  design  of  the  full  size  container  and  mold.  Since  the  structural  member  design 
was  governed  by  the  design  objectives  established  early  in  the  program,  it  was 
felt  that  running  the  two  efforts  concurrently  would  save  time  and  be  within  good 
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engineering  practices.  An  additional  benefit  of  conducting  the  two  efforts 
simultaneously  was  that  pertinent  data  generated  during  the  process  optimization 
I  study  could  be  incorporated  into  the  design  effort;  for  example,  the  best  method 

of  preparing  the  aluminum  framework  surface  to  achieve  a  good  pfastic -aluminum 
bond. 

i  3.4  FULL  SIZE  CONTAINER  AND  MOLD  DESIGN 

3.4.1  Full  Size  Container  Design 

|  The  design  of  the  full  size  container  was  undertaken  with  the  following  objectives: 

o  To  meet  the  TRICON  design  load  requirements 
o  To  utilize  rotational  molding  technology 
o  To  minimize  container  weight 

o  To  minimize  the  manufacturing  cost 

The  finalized  design  consisted  of  a  structural  framework  and  sidewcll  panels 
t  constructed  of  Al  2219  aluminum  completely  encapsulated  with  olive 

drab  crosslinked  polyethylene.  The  three  outer  faces  of  each  of  the  eight  corner 
fittings  were  not  coated,  since  they  served  as  the  framework -mo  Id  Index  points. 
The  redesign  produced  a  weight  reduction  from  2818  to  1906  pounds.  Figure  40 
is  a  detailed  weight  comparison  between  the  full  size  TRICON  with  a  steel 
homework  and  the  full  size  TRICON  with  an  aluminum  framework.  The 
Engineering  drawings  and  design  calculations  are  provided  in  Appendix  E, 
drawing  * R-677059P08,  Sheets  1  through  5. 

The  main  components  of  the  container  were: 

o  f:rame  Assembly  -  a  welded  structure  consisting  of  eight  corner  fittings, 
vertical  and  horizontal  tie  members  between  the  corner  fittings  and  the 
floor  structure. 

o  Panel  Assemblies  (three  sides  and  roof)  -  plates,  perforated  with  rec¬ 
tangular  cutouts  except  along  the  edges.  The  edges  are  riveted  to  the 
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frame  comer  posts  and  frame  rails.  Each  panel  has  a  number  of 
stiffener  angles  from  edge  to  edge. 

o  Door  Assemblies  -  Left  hand  and  right  hand  doors,  designed  with 
channel  type  frame  and  perforated  plate  field. 

NOTE:  Alternate  'design  colls  for  the  use  of  standard  commercially 

available  doors  with  wood  core  and  metal  sheeting  for  the 
prototype  containers  only.  This  approach  eliminates  the 
need  for  fabrication  of  separate  door  molds  (see  Appendix  F, 
Drawing  ^E2MOLDR677079PO8),  reducing  the?  initial 
total  container  mold  cost  by  approximately  15%. 

1  3,4.2  Full  Size  Mold  Design 

In  the  design  of  the  mold  for  the  full  sir.e  container,  a  design  concept  was  used 
similar  to  that  of  the  aluminum  subscaie  mold.  The  latter  had  proved  to  be 
j  working  with  very  little  difficulty  and  some  elements  such  as  the  comer  spring 

fittings  could  be  transferred  frem  the  subscale  mold  without  change. 

Due  to  the  larger  size  of  the  mold  and  heavier  weights,  the  aluminum  mold 
^  plate  gage  and  the  number  of  steel  frame  members  around  the  mold  had  to  be 

increased.  A  completely  new  set  of  attachment  bracken  had  to  be  Included 
in  the  design  to  utilize  Boeing's  new  large  rotomold  machine. 

A  need  for  up  to  5  psi  pressure  (above  the  ctmospherlc  pressure)  was  expected 
inside  the  mold  and  the  steel  frame  around  the  mold  was  to  support  the  mold 
panels  to  prevent  buckling  due  to  such  pressure.  The  need  to  increase  pressure 

*  inside  the  mold  was  dictated  by  observations  that  during  the  cooling  period 

some  shrinkage  took  place  and  the  plastic  had  the  tendency  to  move  away  from  the 
mold  wall.  Increased  internal  mold  pressure  would  prevent  such  buckling  Inwards. 

* 
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Mold  >ide  wall  panels  were  designed  to  be  fabricated  from  one  inch  thick 
platf  s  which  required  sculpturing  on  the  inner  surfaces  to  accommodate  corner 
fitNngs  and  various  other  cutouts. 

An  access  door  was  designed  into  one  of  the  mo  Id  panels  with  handles  and  clamps 
for  easy  handling.  The  access  door  permitted  a  plastic  charge  to  be  placed  in 
the  mold  after  the  framework  had  been  indexed  to  the  mold.  Engineering  drawings 
of  the  full  size  mold  are  provided  in  Appendix  F. 

3.5  PROCESS  OPTIMIZATION  STUDY 

The  objective  of  the  process  optimization  study  was  to  further  delineate  the  pro¬ 
cess  parameters  and  eliminate  the  stress  cracking  problem.  To  this  end,  studies 
on  flow  characteristics,  molding  temperature,  encapsulation,  sidewall  panel  con¬ 
figuration  and  adhesion  were  conducted  and  completed. 


3.5,1  Flow  Characteristics 

A  study  of  flow  characteristics  of  five  different  materials  was  conducted.  The 
materials  were  crosslinked  polyethylene,  a  crosslinked  polyethylene  having  a 
2%  chopped  fiberglass  blend,  linear  polyethylene,  a  linear  polyethylene  having 
a  2%  chopped  fiberglass  blend,  ar.d  Hytrel  5525  (a  polyester-urethane  blend). 

The  study  was  conducted  by  molding  the  above  materials  at  different  temperatures 
in  a  12  by  12  by  12  inch  aluminum  mold  and  inspecting  the  molded  part  for 
uniformity  of  wall  thickness  and  smoothness  of  inside  surface.  The  results  of 
this  study  are  shown  in  Figure  41  .. 

The  part  molded  with  crosslinked  polyethylene  was  superior  from  the  standpoint 
of  uniformity  of  thickness  and  surface  quality  of  the  inside  wall.  The  parts 
molded  with  linear  polyethylene  were  irregular  on  the  inside  surface,  which 
caused  the  wall  thickness  to  vary  considerably. 
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Although  several  attempts  were  made  to  mold  parts  with  the  Hytrel  5520,  we 
were  unsuccessful  in  making  a  goad  part.  Maximum  moldable  part  thickness 
appeared  to  be  approximately  1/8  inch.  Attempts  to  mold  thicker  wall  sections 
resulted  in  parts  with  unfused  material  on  the  inside  surface. 


3.5.2 


Encapsulation 


The  encapsulation  studies  were  conducted  to  establish  parameters  for  encapsula¬ 
tion  of  the  metal  sidc'"alls.  The  tests  were  designed  to  provide  comparative 
data  on  effects  of  opening  sizes  and  web  thickresses  in  the  metal  inserts  on 
encapsulation  and  the  relationship  of  standoff  distance  to  encapsu lability.  The 
tests  were  conducted  using  an  aluminum  mold  having  12  by  12  by  12  inch 
dimensions  (see  Figure  42).  Metal  inserts  having  different  hole  patterns  were 
positioned  inside  the  mold  with  a  uniform  spacing  between  the  metal  insert  and 
the  mold  wall  (see  Figure  43). 


A.  Hfcutup  and  Cool  Down  Studies 

The  initial  step  in  the  encapsulation  studies  was  to  develop  heatup  and 
cool  down  rate  information.  This  work  was  accomplished  on  the  McNeil- 
Akron  rotocast  equipment  located  in  the  Manufacturing  Research  and 
Development  Laboratory  at  the  Boeing  Auburn,  Washington,  Central 
Fabrication  and  Services  facility.  Thermocouples  were  attached  to  the 
outside  of  the  mold  and  to  the  center  of  the  aluminum  insert  located  at 
the  bottom  of  the  mold.  The  oven  on  the  rotocast  equipment  was  set  ar 
500°F.  The  mold  was  rotated  inside  the  oven  during  heatup.  After 
eight  (8)  minutes  at  500°F,  the  mold  was  removed  from  the  oven  and 
rotated  in  the  cold  water  spray  cooling  chamber.  The  data  shown  in 
Figure44  was  generated  in  this  manner. 


Using  the  heatup  and  cool  down  data  thus  developed,  the  encapsulation 
of  1/4  inch  thick  aluminum  inserts  with  crosslinked  polyethylene  was 
undertaken.  The  inserts  had  various  sized  openings  and  web  widths  ($e© 
Figure  45)  t  Tests  were  conducted  with  the  mold  being  charged  at  room 
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temperature,  and  with  the  mold  being  preheated  before  charging.  The 
results  of  these  tests  are  shown  in  Figure  46. 

From  the  encapsulation  studies  conducted  with  CL-100  crosslinkable  poly¬ 
ethylene,  two  important  pieces  of  information  were  obtained: 

o  Best  encapsulation  was  achieved  by  charging  the  mold  at  room 

temperature  and  molding  for  8  minutes  after  reaching  400°F-450°F. 

o  An  opening-web  ratio  of  2:1  or  greater  is  necessary  for  good 

encapsulation  regardless  of  standoff  distance  between  the  insert  and 
the  mold.  As  indicated  by  the  data  shown  in  Figure  44,  good 
encapsulation  was  achieved  with  the  opening-web  sizes  of  1 .0  - 
,5  inch,  1.1  -  A  inch,  and  1.2-  .3  inch,  or  ratios  of  2:1 , 
2.75:1 ,  and  4:1 ,  respectively.  Poor  encapsulation  was  experienced 
with  opening-web  sizes  of  .75  -  .5  inch  and  1 .5  -  1.0  inch,  or  a 
1 .5:1  ratio. 


Identical  encapsulation  tests  were  conducted  with  high  density  poly¬ 
ethylene  (PEP  *770),  Union  Carbide.  In  general,  the  high  density 
polyethylene  produced  an  irregular  interior  surface  on  the  molded  part 
(Figure  47).  Several  of  the  molded  parts  contained  voids  between  the 
plastic  and  the  metal  insert.  The  results  of  these  tests  are  shown  in 
Figure  48. 


Encapsulation  tests  were  conducted  with  crosslinked  polyethylene  and 
steel  inserts,  and  using  high  density  polyethylene  and  steel  insens.  The 
overall  results  were  poor  with  both  plastic  materiii!s.  Although  the  results 
obtained  with  the  crosslinked  polyethylere  were  superior  to  those  obtained 
with  high  density  polyethylene,  the  quality  was  not  adequate  for  use  on 
the  full  size  TRICON,  The  results  of  these  tests  are  shown  in  Figures  49 
anc  50. 


Wold  charged  at  RT-Molded  Wold  preheated  to  Temp,  below.  Molded 

ALUMINUM  1/4'  THICK  ®  minutes  after  reaching:  for  12  minutes  with  oven  set  at  500°F 
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FIGURE  46 

ENCAPSULATION  OF  ALUMINUM  INSERTS  WITH  CL-100  CROSS- 
LINKED  POLYETHYLENE  (OLIVE  DRAB) 
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ENCAPSULATION  OF  ALUMINUM  INSERTS  WITH  HIGH  DENSITY 

POLYETHYLENE 


STEEL,  1/4"  THICK 

t  L*  1 4*.  I  • lij  O  a  i  71  p  rT»  . 
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Insert  1/8"  Inside  mold  wall 

N.T. 

.75"  opening,  .5"  web 

Poor 

Poor 

1 .0"  opening,  .5"  web 

Poor- 

Poor 

Fair 

1.1"  opening,  .4"  web 

N.T. 

N.T. 

1.5"  opening,  1.0"  web 

N.T. 

N.T. 

1.2"  opening,  .3"  web 

Poor 

Fair 

i  . 

N.T. 

Insert  3/16"  inside  mold  wall 

.75"  opening,  .5"  web 

N.T. 

Poor* 

N.T. 

1.0"  opening,  .5"  web 

Good* 

1.1"  opening,  .4"  web 

N.T. 

1 .5"  opening,  1.0"  web 

N.T. 

Poor* 

N.T. 

1 .2"  opening,  .3  "web 

mmJ 

.  — J 

*  Holiow  spots  between  web  and  plastic 
N.T.  =  Not  tested 


FIGURE  49 

ENCAPSULATION  OF  STEEL  INSERTS  WITH 
CL-100  CROSSLINKED  POLYETHYLENE  (OLIVE  ORAB) 
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STEEL,  3/16  AND  1/4" 

Mold  charged  at  KT-Molded 

8  minutes  after  reaching: 

400°F 

450°F 

o 

500°F 

Insert  standoff  1/8" 

3/16"  thick,  1 .0"  opening,  .5"  web 

Poor 

Poor 

N.T. 

3/16"  thick,  1 .15"  opening,  .35"  web 

Poor 

Poor 

N.T. 

1/4"  thick,  1.0"  opening,  .5"  web 

Poor 

Poor 

N.T. 

Insert  st  andoff  3/16" 

3/16"  thick,  1 .0"  opening,  .5"  web 

N.T. 

Fair 

N.T. 

3/16"  thick,  1.15"  opening,  .35"  web 

N.T. 

Poor 

N.T. 

1/4"  thick,  1.0  opening,  .5"  web 

N.T. 

Poor 

_ -1 

N.T. 

N.T.  =  Not  Tested 


FIGURE  50 


ENCAPSULATION  OF  STEEL  INSERTS  WITH 
HIGH  DENSITY  POLYETHYLENE  (PEP  *770) 


Our  experience  in  rotational  molding  subscale  containers  indicated  that 
the  mass  of  the  corner  fittings  and  corner  posts  presented  heatup  and  coo! 
down  problems.  Tests  were  therefore  conducted  to  establish  heatup  and 
cool  down  rates  of  a  simulated  corner  block  and  section  of  the  corner  post. 
Figute  51  shows  the  test  setup.  From  these  tests  it  was  determined  that 
approximately  70  minutes  are  required  to  bring  the  corner  fitting  post 
juncture  to  a  molding  temperature  of  440°F  (see  Figure  52). 

This  data  correlated  well  with  the  thermocouple  study  made  on  the  subscale 
mold  and  framework,  substantiating  initial  evidence  that  the  cool  down 
time  of  the  full  size  container  could  not  be  expected  to  be  reduced 
sufficiently  to  reduce  plastic  shrinkage.  It  was  now  apparent  that 
reduction  oc  the  cooling  rate  as  a  solution  to  the  stress  cracking  problem 
was  not  possible  with  the  equipment  available. 

CL-100  crosslinked  polyethylene  blended  with  2%  by  weight  of  1/8  inch 
chopped  fiberglass  strands  was  the  first  plastic-fiberglass  blend  used  in 
encapsulation  tests  with  aluminum  inserts.  The  Jests,  summarized  in 
Figure  53,  indicated  that  it  was  not  possible  to  completely  encapsulate 
the  metal  inserts.  The  addition  of  the  fiberglass  strands  sufficiently 
inhibited  the  plastic  flow  to  prevent  good  encapsulation.  The  success 
achieved  wi*h  an  aluminum  insert  with  a  1 .0  inch  opening  and  0.5  inch 
web  using  a  3/16  inch  standoff  (Figure  54)  on  the  first  test  could  not  be 
consistently  duplicated  on  subsequent  tests. 

The  results  of  the  encapsulation  tests  on  high  density  polyethylene  were 
so  poor  that  no  attempt  was  made  to  encapsulate  with  a  blend  of  high 
density  polyethylene  and  glass  fibers. 

Encapsulation  tests  were  conducted  using  the  Hytrel  5520  polyester- 
polyurethane  elastomer  and  aluminum  inserts.  A  variety  of  molding  cycles 
was  atrempted  without  successfully  determining  the  optimum  molding  cycle. 
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THERMOCOUPLE  LOCATIONS 

1- 1 A  INSIDE  MOLD 

2- 2A  INSIDE  MOLD  J 

3- 3A  OUTSIDE  (Attach  to  Lip  of  Corner  Post) 
r  4-4A  INSIDE  (Inside  Comer  Post) 

.  J  5-5A  OUTSIDE  MOLD 
6-6A  OUTSIDE  MOLD 

FIGURE  51 

-TEST  SETUP  FOR  ESTABLISHING  HEATUP  AND  COOLDOWN  RATES 
OF  CORNER  FITTING  AND  POST  OF  4'  x  4'  x  3'  CONTAINER 
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ALUMINUM,  3/16"  THICK 

Mold  charged  at  RT-Molded 
for  8  minute*  after  reaching: 

■  r  i  t*  r  T* 

400°F 

450°F 

\WE3M 

<00°F 

Gaii3flHi 

Poor 

Poor 

Poor 

Poor 

1.1 "  opening,  0.4"  web 

Poor 

Poor 

Poor 

Poor 

1.15"  opening,  0.35"  web 

Fair 

Fair 

Fair 

Poor 

3/16"  Stendoff 

1.0"  opening,  0.5"  web 

Poor 

Good 

Poor 

N.T. 

1.1"  opening,  0.4"  web 

Poor 

Fair 

Poor 

N.T. 

1.15"  opening,  0.35"  web 

Poor 

Fair 

Poor 

N.T. 

,  .  . . 

' 

■■■■■■ 

N.T.  31  Not  Tested 


FIGURE  33 


ENCAPSULATION  OF  ALUMINUM  INSERTS  WITH  CROSSLINKED 
POLYETHYLENE  AND  2%  FIBERGLASS 


B.  Conclusions 


The  following  conclusions  were  drawn  from  the  encapsulation  studies: 

1.  Cross  I  Inked  polyethylene  was  the  best  material  for  encapsulation. 

2.  With  present  technology,  if  is  not  feasible  to  encapsulate  width; 
greater  than  1-1/2  inch. 

3.  Charging  the  mold  at  room  temperature  produced  best  encaosulation 
of  simulated  sidewall  panels.  However,  by  projecting  the  time 
required  at  elevated  temperature  for  the  4  by  4  by  3  foot  subscale 
container  to  be  molded  to  the  full  size  TRICON  it  is  apparent  that 
the  oiastic  material  will  be  exposed  to  350°F  for  much  longer  than 
30  minutes.  Consequently,  a  degradation  of  physical  properties 
can  be  anticipated, 

4.  The  aluminum  inserts  encapsulated  best.  However,  the  use  of  an 
aluminum  framework  in  the  full  size  container  dictates  the  necessity 
for  an  aluminum  rro  Id.  The  use  of  a  steel  framework  and  steel  mold 
will  reduce  the  chances  of  successfully  encapsulating  the  full  sire 
TRICON,  and  incur  a  high  weight  penalty. 

3,5.3  Adhesion  Tests 

A  series  of  ddhesion  tests  was  conducted  to  determine  the  shear  strength  of  the 
bond  between  the  metal  insert  and  the  encapsulating  plastic.  Tests  were  con¬ 
ducted  using  both  aluminum  and  steel  inserts  similar  to  those  used  in  the  encap¬ 
sulation  studies.  Metal  surfaces  were  prepared  three  ways: 

o  Solvent  (MHf)  clean  only, 

o  Sandblast  and  Solvent  (MEK)  clean. 

o  Sandblast,  solvent  (MEK)  clean,  and  prime  with  THIXON  AB  1244 

metal  primer. 
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Because  this  was  a  new  developmental  material,  very  little  data  on 
molding  characteristics  was  available.  The  vendor,  DuPont,  was  able  to 
provide  some  genera!  molding  recommendations.  However,  when  tried, 
it  was  determined  that  the  recommended  cycle  was  not  suitable  to  our 
objectives.  Schedule  and  budget  did  not  permit  further  experimentation 
with  the  Hytrel  5520.  Figure  55  shows  the  typical  results  of  attempts  to 
encapsulate  aluminum  inserts  with  Hytrel  5520. 

It  was  apparent  from  the  encapsulation  tests  that  the  best  potential  for 
encapsulating  stdewall  panels  was  to  use  straight  CL-100  crosslinkable 
polyethylene,  an  insert  standoff  of  either  1/8  or  3/16  inch,  charging  the 
mold  at  room  temperature  and  melding  for  8  minutes  after  reaching 
400-450°F,  with  a  15  minute  water  cool.  To  incite  capability  of  dup¬ 
licating  our  test  results,  three,  12  by  12  by  12  inch  units  were  molded 
using  the  above  parameters.  Good  encapsulation  was  achieved  in  all 
cases,  with  the  exception  of  some  voids  in  the  area  at  one  end  of  the 
aluminum  insert  where  the  metal  width  was  approximately  1-1/2  inch. 
However,  after  5  days,  one  of  the  units  exhibited  stress  cracking 
(Figure  56)!  while  the  other  units  did  not.  The  reason  for  stress  cracking 
occurring  in  some  units  while  other  units  molded  in  an  identical  manner 
did  not  exhib't  stress  cracking  was  not  determined.  Figure 57  shows  some 
of  the  parts  molded  during  the  process  optimization  studies. 

An  attempt  was  made  to  encapsulate  a  simulated  corner  post  using  the 
molding  cycle  described  in  the  preceding  paragraph.  This  attempt  was 
unsuccessful.  The  plastic  material  flowed  against  the  mold.  However, 
the  mass  of  metal  in  the  corner  post  prevented  sufficient  heatup  to  cause 
plastic  material  to  bond  to  the  corner  post  early  enough  in  the  molding 
cycle.  Consequently,  all  of  the  plastic  coated  the  mold  walls  and  did 
not  coat  the  corner  posts. 
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FIGURE  55 


TYPICAL  RESULT  OF  ENCAPSULATION  TESTS  USING 
HYTREL  5520 
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PARTS  MOLDED  DURING  PROCESS  OPTIMIZATION  STUDIES 

i 


Three  specimens  of  each  we't  rotational  molded  to  encapsulate  them  with  plastic. 
The  specimens  were  then  tested  for  she  ir  strength  using  the  Porta-Shear  equip¬ 
ment  showr.  in  rigure  58, 

Porta-Shear  is  a  semi-destructive  method  for  evaluating  the  shear  strength  of 
nrustal-tc-metal  adhesive  bonds.  The  equipment  consists  of  three  units:  a 
cutter  assembly,  a  shear  head,  and  a  pneumatic  regulating  device.  The  cutter 
assembly  consists  of  a  controlled  depth  hollow  cutter  which  is  used  for  preparing 
the  specimen  by  cutting  away  an  annular  ring  completely  through  the  outer  face 
sheet  and  into  the  adhesive  material,  leaving  a  1/4  inch  diameter  button  (Figure  59) 
to  which  the  shear  head  is  applied.  The  shear  head  applies  a  shear  force  to  the 
test  button  and  the  pneumatic  regulator  supplies  compressed  air  at  a  predetermined 
constant  rate,  ensuring  that  the  specimen  is  loaded  gradually.  The  Porta-Shear 
system  is  calibrated  so  that  the  gauge  reading  times  100  equals  the  shear  force  in 
psi  at  the  test  specimen. 

Tests  were  conducted  on  specimens  encapsulated  with  crosslinked  polyethylene, 
crosslinked  polyethylene  blended  with  2%  chopped  fiberglass,  and  high  density 
polyethylene.  The  test  results  shown  in  Figure  60 indicate  that  only  aluminum, 
sandblasted  and  cleaned  with  MEK  before  encapsulation,  produced  a  good  bond, 
with  all  three  plastics  tested.  The  results  obtained  with  other  test  specimens  showed 
an  inconsistent  pattern.  For  example,  sandblasted  and  solvent  cleaned  steel  pro¬ 
duced  a  bond  of  800  psi  shear  strength  with  crosslinked  polyethylene,  and  no 
measurable  bond  with  the  other  two  plastics. 

It  was  concluded  from  these  tests  that  sandblasting  and  solvent  cleaning  aluminum 
was  the  most  reliable  surface  cleaning  method  and  metal  selection  for  the  achieve¬ 
ment  of  a  good  plastic -metal  bond. 


FI  GURE  59 

TYPICAL  PORTA-SHEAR  TEST  BUTTON 
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The  feasibility  of  encapsulating  a  perforated  metal  Insert  with  crossiinked  poly¬ 
ethylene  using  tne  rotational  molding  process  was  demonstrated  during  the  program, 
thereby  accomplishing  the  initial  objective  ot  the  program.  However,  when  a 
framework  of  sufficient  strength  to  meet  the  design  load  objectives  was  incorporated 
into  the  design,  attempts  to  encapsulate  subscale  frameworks,  both  steel  and 
aluminum,  were  unsuccessful. 

Although  many  avenues  and  approaches  were  explored,  three  problems  persisted 
throughout  the  proyam.  They  were  (1)  the  elimination  of  stress  cracks, 

(2)  achievement  of  thorough  encapsulation,  and  (3)  a  strong  plastic-metal  bond. 
The  data  generated  during  the  program  and  reported  in  the  preceding  sections 
present  a  paradoxical  situation.  For  example: 

A.  Test  data  generated  early  in  the  program  indicated  that  shrinkage  of  the 
plastic  ( thought  to  be  the  cause  of  tr.e  stress  cracks)  could  be  significantly 
reduced  by  shortening  the  cooling  time.  However,  in  actual  experience  with 
the  subscale  containers,  the  mas  of  the  metal  mold,  framewaric,  and  plastic 
could  not  be  cooled  at  a  sufficient  rate  to  reduce  the  shrinkage. 

The  container  framework  was  first  designed  in  steel.  When  the  problem  of 
cracks  was  recognized,  the  steel  container  and  mold  Vvere  therefore 
redesigned  in  aluminum  to  improve  the  thermal  copductivity  and  reduce 
the  inherent  mass.  Htrwever,  tests  conducted  with  an  aluminum  sub/cale 
mold  and  framework  were  also  unsuccessful. 

B.  The  encapsulation  studies  indicate  that  the  maximum  metal  width  that 
could  be  encapsulated  was  1-1/2  inch.  In  order  to  meet  the  design  load 
requirements  of  the  full  size  TRICON,  design  calculations  indicated  that 
corner  posts  must  be  at  least  4  inches  wide.  It  is  apparent  that  with 
existing  technology  and  equipment,  it  is  not  possible  to  encapsulate  a  full 
size  TRICON  framework  that  would  meet  the  strength  requirements  of  this 
program . 
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C.  It  was  demonstrated  during  the  program  that  the  nominal  shrinkage  or  a 
rotational  molded  plastic  can  be  significantly  reduced  by  the  addition 
of  chopped  fiberglass  strands.  From  the  test  program  it  was  apparent 
that  the  addition  of  fiberglass  filler  altered  the  flaw  characteristics  of 
the  plastic.  As  a  general  rule,  the  higher  the  percentage  of  filler  the 
worse  the  flow  characteristics  become.  It  was  found  during  the  e neap- 
sub  f  ion  studies  that  the  plastic-fiberglass  blend  would  not  flow  suf¬ 
ficiently  to  encapsulate  the  metal  insert. 

it  should  be  noted  that  this  program  did  produce  a  substantial  body  of  original  data 

related  to  the  rotational  molding  process  and  rotational  molding  grade  plastics. 

This  data  not  only  advances  the  state-of-the-art,  but  can  be  used  to  advantage 

by  the  plastics  industry  in  general.  The  original  information  generated  under 

this  proaam  is  as  follows: 

1 .  Comparative  evaluations  of  parting  agents  for  the  rotational  molding 
process. 

2.  Molding  characteristics  of  rotational  molding  grade  plastics. 

3.  Studies  on  preparation  of  metal  surfaces  to  achieve  a  good  adhesive  bond 
with  rotational  molded  plastics. 

4.  Encapsulation  studies,  including  data  on  web-opening  relationships,  mold- 
insert  spacing,  and  molding  cycles  covering  a  variety  of  thermoplastic 
materials  and  plastic -fiberglass  blends. 

5.  Techniques  for  rotational  molding  blends  of  plastics  and  chopped  fiberglass 
strands. 

6.  Shrinkage  versus  percent  of  fiberglass  curves  for  a  variety  of  rotational 
molding  grade  plastics. 

7.  Shrinkage  versus  cooling  rate  curves  for  a  variety  of  rotational  molding 
grade  plastics. 


5.0 


CONCLUSIONS 


As  a  result  of  the  work  ccm&cteo'  under  this  proven,  the  following  cocciusio^s 

nave  been  mode: 

1 .  With  existing  state-of-the-art  technology  and  rotational  i&oMing  equip¬ 
ment,  there  is  c  low  probability  of  successfully  encapsulating  a  full  size 
TRICON  meeting  the  requirements  of  MI L-C -52661(M£) .  While  it  has 
been  shown  that  it  is  possible  to  encapsulate  snail  perforated  metal  panels, 
it  has  been  employ  demonstrated  that  the  technology  is  not  available  at 
this  time  for  encapsulating  a  structural  framework  in  combination  with 
similar  panels. 

2.  Of  the  release  agents  evaluated,  the  Ram  GS-3  fluorocarbon  produced 
the  best  surface  finish  on  the  molded  part. 

3.  The  CL- 100  cross! inked  polyethylene  proved  to  be  the  most  easily  molded 
and  best  suited  to  the  encapsulation  of  metal  inserts. 

4.  The  nominal  shrinkage  of  a  rotational  molded  plastic  can  be  reduced  by 
the  addition  of  chopped  fiberglass  strands. 

5.  The  nominal  shrinkage  cf  ~  rotational  molded  plastic  can  be  reduced  by 
increasing  the  cooling  rate  of  the  molding  cycle. 

6.  The  addition  of  chopped  fiberglass  strands  to  crosslinked  polyethylene 
alters  the  flow  characteristics  of  the  plastic  sufficiently  to  prevent 
encapsulation  of  a  metal  insert. 

7.  Aluminum,  sandblasted  and  solvent  cleaned,  produced  the  best  adhesive 
bond  with  all  three  plastics  tested. 

8.  The  program  was  successful  in  developing  a  body  of  original  information 
on  the  rotational  molding  process  and  rotational  molding  grade  plastics. 
This  information  advances  the  state-of-the-art  and  benefits  the  plastic 
industry  as  a  whole. 
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6.0 


RECOMMENDATION 


The  bllowirtg  recommendations  are  cod*  as  a  result  of  work  completed  under 

this  contract: 

1 .  That  no  further  attempt  be  made  at  this  time  to  develop  the  capability 
of  rotational  molding  a  plastic  TRICON  container  by  encapsulating  c 
metal  framework. 

2.  That  alternative  approaches  to  the  development  of  plastic  TRICON  con¬ 
tainers  be  considered. 

3.  That  the  body  of  information  generated  during  this  program  be  published, 
thereby  advancing  the  plastics  industry  stote-oMhe-crt. 
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FABRICATION  TRADE  STUDY  FOR  STEEL  TRICON 
STRUCTURAL  SECTIONS 


FABRICATION  TRADE  STUDY  FOR  STEEL  TRICON  STRUCTURAL  SECTIONS 


Rating  method:  Index  numbers  lower  than  one  (1)  represent  ratio  of  cost  improvement  over  base  line  configuration. 


FABRICATION  TRADE  STUDY  FOR  STEEL  TRICON  STRUCTURAL  SECTIONS 


Cost  comparisons  based  on  equivalent  strength  and  weight  values. 

Rating  Method:  Index  numbers  lower  than  one  (1)  represent  ratio  o'cost  improvement  over  baseline  configuration. 


FABRICATION  TRADE  STUDY  FOR  STEFL  TRICON  STRUCTURAL  SECTIONS 


Rating  Method:  Index  numbers  lower  than  one  (1)  represent  ratio  of  cost  improvement  over  baseline  configuration. 


FABRICATION  TRADE  STUDY  FOR  STEEL  TRICON  STRUCTURAL  SECTIONS 


Cost  comparisons  based  on  equivalent  strength  and  weight  values. 

Rating  Methods  Index  numbers  lower  than  one  (1)  represent  ratio  of  cost  improvement  over  baseline  configuration. 


FABRICATION  TRADE  STUDY  FOR  STEEL  TRICON  STRUCTURAL  SECTIONS  * 


Cost  comparisons  based  on  equivalent  strength  and  weight  values. 

Rating  Method:  Index  numbers  lower  than  one  (1)  represent  ratio  of  cost  Imprevementover  baseline  configuration. 


FABRICATION  TRADE  STUDY  FOR  STEEL  TRICON  STRUCTURAL  SECTIONS 


Co*t  comparisons  based  on  equivalent  strength  and  weight  values. 

Rating  Method:  Index  numbers  lower  than  one  (1)  represent  ratio  of  cost  Improvement  over  bam  line  configured  ton. 
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Cost  comparisons  based  on  equivalent  strength  and  woight  value*. 

Rating  Method:  Index  numbers  lower  than  one  (1)  repreient  ratio  of  cost  Improvement  over  baiellne  configuration. 


APPENDIX  B 


BASIC  DESIGN  CALCULATIONS  FOR  STEEL 
CONTAINER  ELEMENTS 


INDEX  TO  APPENDIX  B 


PAGE 


INTRODUCTION 
DESIGN  OBJECTIVES 
PREUMJNARY  ANALYSIS  SUMMARY 
CRITICAL  LOADS: 

_ 

BUND  SIDE  BOTTOM  RAIL 
BUND  SIDE  LOWER  SILL 
BUND  SIDE  POST 
BUND  SIDE  POST 
BLIND  SIDE  UPPER  SILL 
BUND  SIDE  WALL 
DOOR  LOWER  SILL 
DCOR  SIDE  POST 
DOOR  UPPER  SILL 
FLOOR  BEAM 
LOWER  SIDE  RAIL 
ROOF 
SIDE  WALL 
UPPER  SIDE  RAIL 
WALL  SIDE  LOAD 


B— 5 
8-6 
8-7 


LOAD  CONDITION 
RACKING 

HORIZONTAL  RESTRAINT 

RACKING 

STACKING 

BUND  SIDE  RACKING 

RACKING 

HORIZONTAL  RESTRAINT 

STACKING 

DOOR  SIDE  RACKING 

FLOOR 

FLOOVDOOR  SIDE  RACKING 

DOOR  SIDE  RACKING 
SIDE  RACKING 


8-61 

B-73 

B-62 

B-71 

8-56 

B-52 

B-72 

B-68 

B-48 

B-50 

B-67 

B-49 

B-63 

B-64 


DOOR: 

HINGE  LOADS 
RACKING  LOADS 
STRUCTURE  LOADS 

LIFTING  LOADS: 

bCITCm 

TOP 


B-143 
B— 41 
B-136 


B-29 

B-25 


B-2 
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PAGE 

LOAD  SUMMARY: 

BLIND  SIDE  g_94 

BUI>S>  SIDE  LOWER  RAIL  LOAD  B_37 

BUND  SIDE  POST  -  STACKING  B_S5 

BUND  SIDE  TOP  RAIL  -  UFTING 

BOTTOM  UFTING  LOAD  B^SS 

DOOR  HEADER  -  UFTING  BS7 

DOOR  LOWER  SILL  -  LOAD  B-S7 

DOOR  SIDE  POST  -  UFTING  B-36 

DOOR  SIDE  POST  -  STACKING  B-85 

FLOOR  LOAD  B-91 

HORIZONTAL  RESTRAINT  B-90 

RACKING  LOADS  B-95 

ROOF  LOAD  B-92 

SIDE  V/ALL  B_94 

SIDEV/ALL  INFLUENCE  ON  THE  STABILITY  OF  THE  MEMBERS  B-102 

TOP  UFTING  b-86  ' 

materials  3-24 

PANEL  LOADS 

BLIND  SIDE  -  LOAD  B-66 

LEFT  &  RIGHT  HAND  LOAD  B-M 

ROOF  LOAD  b-67 

SIDEV/ALL  DATA 

MOLDED  DOOR  DATA  B-122 

PANEL  SUMMARY  8-123 

PLYWOOD  DATA  5-130 

PLYWOOD  DOOR  PANEL  B-134 

PLYWOOD  PANEL  SUMMARY  B-l  18 

PUNLHtU  Pl^lt  B-l  13 

WELDED  WIRE 
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PAGE 


STRUCTURAL  MEMBERS 

BUND  SIDE  BOTTOM  RAUL  ®“W 

BUND  SIDE  POST  ®*13 

BUND  SIDE  TOP  RAIL  B"18 

DOCK  E_€0 

DOOR  HEADER  B~U 

DOCK  SIDE  POST  8-12 

DOCK  SILL  8-15 

FLOOR  BEAM  8-23 

RIGHT  &  LEFT  HAND  LOVER  RAIL  8-21 

RIGHT  &  LEFT  HAND  UPPER  RAIL  B~20 


B-4 


fjkifTonffji  arr  !Au 


W5*n  determining  true  fj&fccficn  e^bds  to  be  used  on  the  subsecle  container  it  wrts 
necessary  to  select  a  variety  o:  pests  end  rails. 

The  side  wails  were  fabricated  to  different  designs  for  the  purpose  of  determining  the  best 
molding  design. 

Two  standard  corner  castings  were  incorporated  to  provide  data  cn  molding  around  large 
masses  of  material . 

The  ba brace  of  the  structure  was  assembled  in  the  lightest  manner  to  avoid  overloading 
our  McNeil-Akrcn-WcNeil  melding  machine  which  was  to  be  used  in  test  molding. 

For  details  of  the  actual  structure  used  in  the  subscale,  see  drawing  R677069PO2. 

The  Boeing  Engineering  Stress  Unit  made  a  preliminary  review  of  the  subscale  container  con¬ 
cept,  extrapolating  the  data  to  full  size.  No  final  margin  of  safety  was  used  in  the  analysis. 
The  material  used  was  a  steel  used  in  Boeing  Aerospace  ground  equipment  which  would  support 
the  design  loads  without  permanent  deformation.  The  Stress  unit  reply  (Appendix  0  demon¬ 
strates  that  the  design  objectives  have  been  met.  It  also  stated  that  the  use  of  higher  strength 
materials  would  permit  a  reduction  of  size  in  some  sections. 

An  estimated  weight  cf  Boeing  Trico.j  containers  was  mode  using  the  Weyerhauser  Tricon 
as  a  base.  The  assumption  that  the  Weyerhauser  structure  less  side  walls  would  be  similar 
to  the  Boeing  unit. 

The  rotomolded  panels  with  plastic  were  added  to  the  structure  weight.  The  average  weights 
shown  include  420  pounds  of  molding  plastic  for  containers  with  molded  doors  and  370  pounds 
of  plastic  for  containers  with  plywood  doors. 


A. 

Punched  plate  panels  plywood  doors 

2456  pounds 

B. 

Tierod/mesh  panels  plywood  doors 

2503  pounds 

C. 

Punched  plate  panels,  molded  doors 

2621  pounds 

D. 

Tierod/mesh  panels,  molded  doors 

2668  pounds 

The  Weyerhauser  containers  with  FRP  panels  and  plywood  doors  weighed  1960  pounds.  They 
did  nrt  contain  two  features  which  are  included  in  the  Boeing  containers.  These  features  are 
side  icrk  lift  pockets  and  internal  tie  downs,  which  added  79  pounds. 
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TYPE  LOAD 


r>cfiOki  r»n  irrTiifrr 

jr>  -V  •  «  ^  <»•  «  •  W  wJ 


UNIT  AND  LOAD 


Stacking  S 


Lifting 

From  Top  T 

Lifting 

From 

Bottom  L 


Horizontal 

Restraint 

B 


Floor  Load 


i 


Roof  Load 


) 


Wall  Side 
Load 

W 

Racking 

R 


Load  test  77-1/2  ”  unit  60  26,879  lb.  gross  weight.  Apply 
100,800  lb.  vertical  load  S  to  each  top  comer  fitting  in 
turn,  Load  S  =  100,800  lb. 

Couple  three  77-1/2"  units  together.  Load  to  total  gross 
weight  -x  89,600  lb.  Lift  by  the  four  top  comer  fittings 
using  hooks  in  end  holes  or  side  holes.  Load  T  =  22,400  lb. 

Couple  three  77-1/2 "  units  together.  Load  to  total  gross 
weight  oi  1)9,600  lb.  Attach  sling  to  side  holes  in  bottom 
comer  fitting  with  line  of  action  at  30  to  the  horizontal, 
and  lift,  load  L  =  22,400/sine  30°  =44,800  lb.  Vertical 
component  -  22,400  lb.,  horizontal  component  -  39,000  lb. 

Couple  three  77-1/2"  units  together.  Load  to  total  gross 
weight  of  44 ,800  lb.  Apply  a  compression  load  B  and  then 
a  tension  load  to  each  lower  side  mil  in  turn.  Load  B  = 

(1.25)  (gross  weight)  =  56,000  lb. 

(1)  Load  floor  to  a  uniformly  distributed  load  of  30,000  lb. 

(2)  Load  floor  to  a  concentrated  load  of  6,000  lb.  over  an 
area  3"  x  7-1/3 ". 

Load  roof  to  660  lb.  uniformly  distributed  over  a  12"  x  24" 
area. 

(1)  Apply  a  uniformly  distributed  load  of  5,460  lb.  to  either 
the  R.H.  or  L.H,  end  wall.  (2)  Apply  a  uniformly  distributed 
load  of  8, 100  lb.  *7  the  door  side  and  the  blind  side  in  turn. 

Restrain  container  through  bottom  comer  fittings.  Apply  a 
compression  and  a  tension  load  laterally  and  longitudinally 
in  turn  of  35,000  lb.  to  each  top  corner  fitting  in  turn. 
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TYF£  LOAD 

UNIT  AND  LOAD 

Stacking 

S 

Load  tait  77-1/2  Inch  unit  to  26,879  pounds  grow  weight.  Apply  100,800  pounds 
vortical  load  (S)  to  oach  top  comer  fitting  In  turn.  Load  S  *  100,800  pounds 

Lifting 

From  Tcp 

T 

Couple  three  77-1/2  Inch  units  together.  Load  to  total  grow  weight  of 

89,600  pounds.  Lift  by  the  4  top  corner  fittings  using  hooks  In  end  holes  or 
stche  hole;  Load  T  ■  22,400  pounds 

Lifting 

From 

Bottom 

L 

Couple  three  77-1/2  Inch  enlts  together.  Load  to  total  gross  weight  of 

89,60 0  pounds.  Attach  sling  to  side  holes  In  bottom  comer  fitting  with  line 
of  action  at  30°  to  the  horizontal,  and  lift.  Load  L  ■  22,400/slne 

30  ■  44,800  pounds.  Vertical  component  *  22,400  pounds,  horizontal 
component  *  39, 000  pounds. 

Horizontal 

Restraint 

B 

Couple  three  77-1/2  Inch  units  together.  Load  to  total  gross  weight  of 

44,800  pounds.  Apply  a  compression  load  B  ,  and  then  a  tension  load  to  each 
lower  side  rail  In  turn.  Load!  *(1.25)  (gross  weight)  *  56,000  pounds. 

Floor  Load 

(1)  Load  floor  to  a  uniformly  distributed  load  of  30,000  pounds  (2)  Load 
floor  to  a  concentrated  load  of  6000  pounds  over  an  area  3  x  7-1/3  Inches. 

Roof  Load 

. .  ..  _  . 

Load  roof  to  660  pounds  uniformly  distributed  over  12  x  24  Inch  area. 

Wall  Stda 

Load 

W 

(1)  Apply  a  uniformly  distributed  load  of  5460  pounds  to  either  the  R.H.  or 

L.  H.  end  wall.  (2)  Apply  a  uniformly  distributed  load  of  8100  pounds  to  the 
door  side  and  the  blind  side  In  turn. 

Racking 

R 

Restrain  container  through  bottom  corner  fittings.  Apply  a  compression  and  a 
tension  load  laterally  and  longitudinally.  In  turn,  of  35,000  pounds  to  each  top 
corner  fitting  in  turn. 
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APPENDIX  F 

ENGINEERING  DRAWINGS  OF  FULL  SIZE 
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